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Section  I 


INTRODUCTION 


Recent  advancements  in  fiber  optics  tccImolog>',  both  in  the  quality  of 
components  and  reduction  in  costs,  make  fiber  optics  data  transfer  systems  an 
attractive  alternative  for  replacing  currently  used  wire  systems  on  military 
aircraft.  Fiber  cables  have  the  capability  of  transmitting  data  at  a higher 
rate  than  conventional  wires.  In  modem  militaiy  aircraft  with  sophisticated 
avionics,  the  large  bandwidth  capability  of  fibers  can  often  allow  replacement 
of  multiple  wires  with  a single-fiber  cable,  thus  reducing  the  weight  and 
volume  of  the  transmission  system.  The  fibers,  being  dieletric  in  nature, 
are  both  noninductive  and  nonconductive.  ITius,  the  employment  of  fiber  optics 
cables  offers  the  additional  benefit  of  reduced  electromagnetic  susceptibility 
ajid  the  potential  for  the  reduction  of  conduits,  filtering  networks,  and 
shielding. 

The  isolation  between  fiber  optics  links  is  also  by  far  superior  to  wire, 
because  the  cladding  and  the  jacket  of  the  fibers  provide  an  inlierent  light 
shield,  and  there  is  no  crosstalk  and  no  coupling  between  adjacent  lines. 

Since  electrical  energy  is  not  being  transmitted  via  fibers,  there  are 
no  spark  or  fire  hazards  and  the  air  vehicle  safety  is  increased.  Should  a 
fiber  optics  cable  become  damaged,  no  shorts  will  occur  and  there  will  be  no 
damage  to  associated  equipment.  Fiber  links  can  be  routed  in  the  vicinity  of 
ammunition,  fuel,  or  propellants.  This  can  often  save  many  feet  of  cabling 
and  simplify  installation  and  routing. 

The  FOCAP  study  was  initiated  to  (1)  quantitatively  examine  in  detail 
the  economic  trade-offs  associated  with  various  fiber  optic  system  approaches 
that  satisfy  internal  aircraft  data  requirements,  (2)  comiiare  these  results 
with  the  costs  associated  with  currently  used  wire  data  transfer  systems, 
and  (3)  identify  cost-effective  applications  of  fiber  optics  technology'. 
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'llie  FOCA''’  study  addressed  the  problem  of  comparing  the  total  cost  of  a 
large  aircraft  system  equipped  with  conventional  wire  to  that  of  one  equipped 
with  fiber  optics  data  transfer  systems,  llie  B-1 , having  numerous  avionics 
;md  electronics  subsystems,  was  selected  as  the  basis  for  the  study,  llie  life 
cycle  cost  (LCC)  was  used  for  cost  comparisons.  The  LCC  includes  the  research, 
development,  test,  and  evaluation  (RDT§E)  costs,  acquisition  costs,  and  opera- 
tion and  support  (OSS)  costs. 

The  study  was  divided  into  two  phases:  phase  I,  signal  analysis,  and 
phase  II,  cost  analysis.  A total  of  21  tasks  were  identified,  as  shoun  in 
the  task  flow  diagram  (Figure  1) . 

In  phase  I,  the  data  transfer  requirements  associated  with  the  B-1 
avionics  and  electronics  subsystems  were  identified  and  the  applicabi 1 it)-  of 
fiber  optics  to  these  requirements  was  analyzed.  A total  of  12  subsystems 
were  selected  as  candidates  for  fiber  optics  implementation.  Three  of  the 
12  subsystems  are  multiterminal  1 megabit/second  (mb/sec)  multiplex  systems. 

A fourth,  the  Defensive  Subsystem  Group  (DSG),  requires  parallel  multitermi - 
nal  digital  transmission  at  rates  up  to  40  mb/sec.  The  remaining  eight  sub- 
systems process  signals  consisting  of  ac  and  dc  analog,  discretes,  and 
digital . 

Data  transfer  requirements  and  detailed  block  diagrams  for  the  selected 
subsystems  were  developed.  The  block  diagrams  identified  the  number  of  wire 
segments,  bulkhead  connectors,  wires,  conduits,  and  overbraid  footage,  and 
the  number  and  location  of  line  replaceable  units  (TRU's). 

The  availability  and  performance  of  fiber  optics  components,  as  well  as 
their  compatibility  with  the  B-1  environment  (thermal,  vibration,  nuclear), 
were  studied.  Suitable  components  were  then  selected.  Calculations  were 
performed  to  assure  that  the  projected  power  budgets  resulted  in  satisfactory 
signal -to -noise  ratios  and  achieved  the  required  bit  error  rates.  Fiber 
optics  configurations  were  derived,  and  installation  block  diagrams  showing 
fiber  cable  routing  and  length,  number,  and  location  of  connectors  and  couplers 
were  made  (Reference  1) . 

Both  new  designs  and  retrofit  fiber  optics  designs  were  derived.  The 
retrofit  concept  is  an  "add-on”  modification  in  which  subsystem  wiring  is 
typically  replaced  by  fiber  cables  and  electro-optical  conversion  units 
added  to  the  existing  TRU's.  In  the  new  design  concept,  present  TRU's  arc 
redesigned  to  have  their  input/output  sections  accommodate  a multiplexed  fiber 
optics  data  transfer  capability. 
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Two  new  multiplexing  concepts  were  conceived  to  exploit  the  high  data 
rate  capability  of  fiber  optics.  One  of  the  new  nrultiplexing  concepts  (8-MLJX) 
combined  eight  subsystems,  and  the  other  (Super-MJX)  combined  11  subsystems. 


Substitution  of  fiber  optics  into  the  40  mb/sec  system  resulted  in 
94-percent  segment  count  reduction,  91-percent  cable  length  reduction,  and 
86-percent  weight  reduction.  The  installation  comparison  for  this  subsys- 
tem is  shown  in  Table  1. 


The  Super -MIX  concept  resulted  in  16-percent  segment  count  reduction,  j 

39-percent  cable  length  reduction,  and  16-percent  weight  reduction  as  shown 
in  Table  2.  The  function  of  36  present  LRU's  were  combined,  resulting  in 
25-percent  reduction  in  the  number  of  LRU's. 

Installation  parameters  for  the  1 mb/sec  multiplex  systems  were  not 
appreciably  affected  by  the  substitution  of  fiber  optics.  | 

A weight  comparison  for  the  B-1  systems  is  shown  in  Figure  2.  No 
appreciable  iveight  difference  was  found  for  the  1 mb/sec  system.  A saving 
of  380  pounds  can  be  realized  in  the  40  mb/sec  system.  A total  weight  saving 
of  600  pounds  can  be  accomplished  if  fiber  optics  are  implemented  in  the 
40  mb/sec  system  and  in  the  Super-MUX. 

In  phase  II,  the  Data  Transfer  Life  Cycle  Cost  (DTLCC)  computer  model 
was  derived  and  used  to  determine  the  total  aircraft  cost  as  a function  of 
the  design  and  cost  parameters  of  the  respective  data  transfer  subsystems. 


TABLE  1.  INSTALLATION  COMPARISON  - 40  MB/SEC  SUBSYSTEM 


Wire 

Fibers 

Reduction 

No.  of  segments 

7,225 

390 

94.6 

No.  of  terminations 

14,450 

94.6 

No.  of  bulkhead  connectors 

22 

14 

36.3 

Cable  length  (ft) 

79,600 

91 .4 

Conduit  Ixjngth  (ft) 

220 

- 

100 

Overbraid  length  (ft) 

365 

- 

100 

Weight  fib) 


442.1 


86.0 
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'I’ARLI'.  2.  INSTAI.IATION  COMPARISON  - SUPHR-MIJX 


Parameter 

Wi  re 

Fiber  Optics 

Wire 

I’ibers 

No.  of  segments 

12,455 

10,400 

76 

No.  of  tenninations 

24,910 

20,800 

152 

Cable  length  (ft) 

63,150 

37,800 

882 

No.  of  bulkliead  connectors 

13 

2 

2 

Conduit  length  (ft) 

206 

94 

- 

Overbraid  length  (ft) 

353 

157 

- 

No.  of  LRU's 

36 

2 

7 

Weight  (lb) 

1,323 

1,110 

LCC  was  divided  into  three  categories: 

1.  Research,  development,  test,  and  evaluation  (RDT1,E) 

2.  Acquisition 

3.  Peacetime  operations  and  support  (O^S) 

Cost  elements,  including  component  and  material  procurement,  manufactur- 
ing labor,  initial  spares,  recurring  spares,  and  corrective  maintenance  labor, 
were  identified,  and  cost-esthrrating  equations  were  derived. 

The  cascading  effects  of  weight  changes  were  assessed  in  two  ways: 

(1)  for  cin  aircraft  whose  size  and  shape  is  fixed  (i.e.,  the  B-1),  and  (2)  for 
a "rul:)ber"  (or  conceptual]  aircraft  that  is  allowed  to  shrink  and  grow  accord- 
ing to  the  weight  changes  while  holding  perfomance  constant.  The  cost  pay- 
off was  determined  to  bo  $118  per  pound  for  the  fixed-size  aircraft  and  $1,127 
pel  pound  for  the  rubber  aircraft.  The  cost  payoff  for  the  fixetl-size  aircraft 
reflects  the  reduction  in  operation  and  support  costs  due  to  reduced  fuel  con- 
.sumption  and  tanker  support.  The  "rubber"  aircraft  cost  factor  was  derived 
from  parametric  vehicle  sizing  and  cost  models. 
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I ! Results  indicate  that  fleet  LCC  savings  of  $300  million  can  he  obtained 

by  substituting  fibers  in  the  40  nib/sec  DSC  system  aJid  by  incorporating  a 

■ : Supcr-MlIX  system  in  the  fixed-size  B-1.  Itiis  $300  million  saving  in  1977 

I . dollars  increases  to  about  $500  million  when  the  effects  of  inflation  arc 

considered  (then-year  dollars).  Imiilemcntation  of  fiber  optics  in  the  early 
conceptual  stages  of  a large-aircraft  design  can  result  in  saving  an  addi- 
1 tional  50  percent.  Figure  3 shows  those  I£C  savings  for  the  B-1  and  rubber 

I aircraft,  nicre  is  no  appreciable  savings  when  fiber  optics  arc  substituted 

: for  wire  in  low-data  rate  (^1  mb/sec)  multiplex  systems. 

Sensitivity  analyses  and  cost  trade-offs  were  performed  to  determine 
major  cost  drivers  in  the  application  of  fiber  optics  for  data  transmission. 
The  B-1  LCC  savings  for  the  40  mb/sec  system  were  achieved  primarily  by  the 
reduction  in  the  numlier  of  cable  segments  and  by  the  reduction  in  weight. 

The  major  cost  categories  that  contributed  to  this  saving  prioritized  in 
order  of  their  contributions  were: 

• Cable  maintenance 

• Segment  preparation  and  installation 

• Fuel  and  tanker  support  (due  to  weight  savings) 

1 • Cable  procuranent 

: For  the  rubber  aircraft,  the  reduction  due  to  weight  was  predominant,  since 

I the  weight  savings  were  allowed  to  cascade  throughout  the  total  aircraft. 

iTic  study  shows  that,  when  a new  major  multiplexing  concept  such  as  the 
Super-MUX  is  created,  the  LCC  savings  are  due  to  multiplexing  systems  pre- 
viously not  multiplexed,  consolidation  of  existing  multiplex  systems  (causing 
j reduction  in  procurement  and  maintenance  costs),  and  the  associated  reduction 

i in  weight,  lliose  items  override  the  cost  of  fiber  optics  components  and 

■ j therefore  are  a domin;int  factor  in  the  LCC  of  such  a configuration. 

i 

f { 'ITie  study  concludes  that  for  future  .sophisticated  militaiy  aircraft 

F j with  higher  data  rates,  the  LCC  savings  could  be  significantly  larger  than 

I ! those  projected  for  the  B-1. 
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Section  III 


niiSIGN  S'llJDIliS 


BACKGROUXT) 

Phase  I of  the  Fiber  Optics  Cost  Analysis  Prograjii  (FOCAP)  study  was 
devoted  to  describing  existing  wire  data  transfer  subsystems  and  deriving 
conceptual  fiber  optics  subsystems  in  sufficient  detail  for  cost  analyses  to 
be  performed.  'Fhe  wire  and  conceptual  fiber  optics  designs  form  a basis  for 
life  cycle  cost  analysis  of  fiber  optics  data  transmission  subsystems. 

The  FOCAP  study  uses  the  B-]  aircraft,  which  has  a large  variety  of 
avionics  subsystems,  as  its  basis  for  analysis. 

Ground  mles  employed  in  phase  I of  FOC/\P  include: 

1.  "Retrofit"  and  "New  Design"  Definition.  A retrofit  fiber-optics 
subsystem  is  implemented  with  minimum  practical  impact  to  the 
present  aircraft  configuration.  Typically,  this  is  an  "add-on" 
installation  concept  in  which  subsystem  wiring  is  replaced  by 
fiber  cables  and  electro-optical  conversion  and/or  multiplexing 
units  are  added  to  the  present  line  replaceable  unit  (LRU)  outputs. 
A new  design  implementation  makes  use  of  any  feasible  fiber  optics 
advantage.  A subsystem  may  be  completely  redesigned  or  an  LRU  may 
have  its  output  section  designed  to  accommodate  a multiplexed  fiber 
optics  data  transfer  capability  and  data  transferred  over  inter- 
connecting fiber  cables. 

2.  Perfomance  of  Fiber  Optics  Subsystems.  The  performance  of  all 
(retrofit  and  new  design)  fiber  optics  subsystems  must  be  at  least 
as  good  as  that  of  wire  subsystems. 

3.  Retrofit  Adapter  Units.  The  conceptual  design  of  retrofit  fiber 
optics  subsystems  is  aimed  at  internal  modification  of  present 
LRU's.  External  interface  adapter  units  are  considered  only  if 
obvious  advantages  are  identified. 

4.  Tecimology  Base,  'flie  1977  fiber  optics  technology  base  and  tlie 
1979-80  aircraft  implementation  time  are  as.sumed. 


STUDY  BASELINE 


TTie  B-1  is  a large,  modem  militar>’  aircraft  carrying  a variety  of 
sophisticated  avionics  sub.systems.  A total  of  12  .sub.systems  on  tlie  B-I 
were  identified  as  candidates  for  fiber  optics  implementation.  Noncajidi elate 
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wiring  links  snc'i  as  {X)wer  lines  were  screened  from  aircraft  integrated 
schematics,  and  block  diagrams  for  the  remainder  of  the  subsystem  wiring 
were  drawn.  These  block  diagrams  show  the  location  of  LRU's,  the  bulkhead 
connectors,  the  wire  routing,  the  wire  segments,  the  length  and  number  of 
wires.  Three  of  the  12  subsystems  (the  automatic  flight  control  subsystem, 
the  stroctural  mode  control  suiisystem,  and  the  manual  flight  controls}  were 
combined  into  a single  block  diagram,  thus  resulting  in  10  wiring  block 
diagrams.  The  description  of  those  subsystems  is  contained  in  this  section. 
All  wiring  block  diagrams  are  contained  in  Reference  1.  'llie  following  para- 
graphs contain  a description  of  the  major  subsystems,  and  describe  the 
methods  used  and  results  obtained  in  the  process  of  defining  a group  of  base- 
line wii'e  sul-)systcms  to  be  used  in  the  fOCAP  study. 

SUBSYSn-WS  DEStiRIPTION 

Ihe  following  paragraphs  contain  a brief  description  of  the  12  major 
avionics  subsystems  on  the  B-1.  They  are: 

1.  Automatic  Flight  Control  Subsystem 

2.  Structural  Mode  Control  Subsystem 

3.  Mission  and  Traffic  Control  Subsystem 

4.  Manual  Flight  Control  Subsystem 

5.  Flight  Instruments  Subsystem 

6.  Navigation  and  Radar  Subsystem 

7.  Avionics  Multiplexing  Subsystem 

8.  Central  Integrated  Test  Subsystem 

9.  Electrical  Multiplex  Subsystem 

10.  Stores  Management  and  Weapon  Delivery  Subsystem 

11.  Crash  Data  Recorder 

12.  Defensive  Subsystem  Croup 

Automatic  Flight  Control  Sub.systcm  (AFCS) 

ITie  AFCS  incIiKles  that  portion  of  the  flight  control  system  that  provides 
the  unpiloted  autom.it  ic  modes,  lliey  are  automatic,  in  that  the  pilot  does  not 
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actively  participate  in  the  control  law  or  logic,  although  he  may  in  some 
cases  introduce  small  liiases  or  temporarily  suspend  the  mode  with  control 
stick  steering.  I'he  .uwiS  provides  a variety  of  pitch  and  roll  automatic 
guidance  ;ind  pilot-assist  nodes  of  flight  control  operation,  and  provides 
autoiiuitic  throttle  control  as  well,  fhe  system  basically  consists  of  pilot's 
:uid  copilot's  control  panels,  an  .Vl'CS  logic  controller,  and  terrain-following 
radar  adapters,  llie  Aft’S  operates  through  the  stability  and  control  augmen- 
tation system  (SG\S)  providing  pitch  and  roll  comands  to  the  StlAS  controllers. 

I fhe  St!AS,  when  operated  with  the  Af'CS,  provides  improved  aircraft  stability 

in  the  pitch,  roll,  :md  yaw  axes,  fhe  signals  for  are  mainly  discretes. 

Structural  Mode  Control  Subsystem  (SMCSJ 

llie  J^It'S  is  provided  to  assure  the  required  ride  qtuility  perfoniuuice 
specified.  A cockpit  switch  provides  engagement/disengagement  capability. 

If  a failure  of  the  SNICS  is  detected,  the  vanes  are  centered  and  retained  in 
the  centered  position,  'llie  input  and  output  signals  for  the  SMCS  arc  dis- 
cretes and  dc  analog. 

Mission  and  Traffic  Control  (MtlTCl 

’I'he  MtlTC  equipment  provides  communication  (intercom,  UHF  radio,  HI- 
radio),  radio  aids  to  navigation  (TAC.^,  ILSj,  and  aircraft  identification 
(Iff).  The  radar  altimeter,  usually  considered  a part  of  the  navigation  and 
radar  subsystem,  has  been  included  in  the  Mf,TC  subsystem. 

I'he  Ilf  radio  is  operated  by  the  copilot,  and  all  crewmembers  can  listen 
iind  talk.  It  provides  air-to-air  and  air-to-ground  long-range  voice  commiuii- 
cations.  Signals  for  the  HI'  arc  discretes,  analog,  ;ind  audio  of  less  than 
5 vac. 

I'he  IIHI-  provides  air-to-air  and  air-to-ground  1 ine-of-sight  range  voice 
communication  ;i;id  am  be  operated  by  the  pilot  and  copilot.  Signals  for  the 
UHl-  are  discretes  and  audio  less  th;ui  5 vac. 

The  intercom  provides  interphone  commiuiication  between  all  crewmembers 
and  processing  of  radio  control  and  audio  signals.  The  signals  arc  audio  of 
less  than  5 vac,  discretes,  and  digital. 

t TAH/AN  is  operated  by  the  pilot  and  copilot  within  1 inc-of-sight  range 

to  ,^00  nautical  miles,  ft  provides  bearing  and  distance  infonnation  relative 
to  a known  ground  beacon  jx)sition. 

The  instrument  landing  system  (Il.S)  provides  visual  indications  to  the 
pilot  and  copilot  for  manual  and  automatic  approaches  by  using  the  local  iter, 
glide  slope,  and  marker  beacon  Rl’  signals,  fhe  signals  involved  arc  audio, 
ana  log , and  d iscretes . 
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The  rad;ir  altimeter  provides  to  the  pilot  altitude  measurements  from 
D to  5,00(1  feet  above  the  terrain.  I'he  signals  are  discretes. 

Hie  rendezvoLLs  beacon  identiiies  the  B- 1 to  tanker  aircraft  to  facilitate 
rendezvous.  llie  sionals  are  discretes. 

The  ll'T  identifies  the  B-1  to  interrogating  ATC  radars  for  traffic  con- 
trol purposes.  I'he  signals  are  digital,  discrete,  and  audio. 


Manual  flight  (Control  Subsystem  (Mf'SCj  ;md  SCAS 

llie  MITTS  includes  all  of  the  primary  and  secondary  flight  controls  (I’f'C 
and  SIT’).  I'he  PFC  includes  the  SCAS.  The  MFCS  consists  of  the  cockpit  con- 
trols, meclKuiical  linkages,  cables,  electrical/electronic  components,  and 
hydraulic  components  which  move  the  PF'C  and  SFC  surfaces.  The  SCAS  inter- 
faces with  the  .Vl'CS  to  inplement  pilot-assist  and  guidance  fimctions,  with 
the  SMCS  tc  provide  improved  aircraft  ride  qualities,  and  with  the  central  air 
data  system  (C.ADS)  to  provide  speed  stability  and  gain  control.  The  signals 
arc  (1-  to  +5-volt  dc  and  ac  analog. 


Flight  Instruments 


llie  flight  instriunents  subsystem  provides  the  pilot  infomiation  on  the 
relationship  of  the  B-1  to  the  surroimding  air  mass  and  to  the  earth  mass 
below.  They  consist  of  the  gyro  stabilization  (CSSl , central  air  data  com- 
puter (CMKM,  rotation  go-aroimd/anglc-of- attack/air  vehicle  limits  (RCA/AOA/ 

AVI.)  computer,  flight  director  computer  (FDC) , and  associate  controls  and 
indicators.  The  CSS  provides  heading,  pitch,  and  roll  attitude  and  rate-of 
turn  reference  data  for  the  pilot's  and  copilot's  horizontal  situation  indi- 

catoi',  vertical  situation  display,  and  standby  attitude  director  indicator.  \ 

I'he  CAIK:  perfonns  the  fiuiction  of  processing  raw  air  data,  computing  data 
paranK'tcrs,  <-uid  conmuuii eating  with  the  avionics  control  imits  [AtTJ).  Ihe 
signals  for  the  various  flight  instriunents  ;md  computers  include  ;malog, 
digital,  and  discrete  signals. 

Navigation  and  Radar 

This  subsystem  provides  global  navigation  capabilities  by  processing 
data  obtained  from  various  avionics  systems  sensors,  llie  signals  are  dis- 
cretes and  ac  s>Tichro  data. 

llie  inertial  navigation  system  (INS)  consists  of  two  !,N-15  inertial 
measuring  units  (INRI)  which  output  signals  that  reference  the  aircraft  to 
the  local  vertical,  liach  IMII  is  tied  to  a dedicated  inertial  electronic 
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unit  (IliU)  vvliiuh  interfaces  tlie  INIll  with  the  avionics  computers.  (Computation 
of  the  amoiuit  of  torque  required  to  maintain  the  INll)  gyros  at  local  vertical 
is  provided  by  the  guidance  navigation  control  avionics  unit  (G.\.\tll),  one  of 
the  two  avionics  computers.  Itoll  ;uid  pitcli  data  are  provided  In'  tlic  IMl)  to 
tlie  fon\ard- looking  radar  (l  l.R),  terrain- fol  lowing  radar  Cn-'R),  Doppler  radar, 
and  fonvard- looking  iid'rarcd  (ll.(R). 

The  Doppler  radar,  .VVARN-dODlMod ) . utilises  the  Dop])ler  or  frequency 
shift  principle  of  a iroving  platfonii  to  extract  aircraft  drift  mid  ground- 
speed  infoniution  from  radar  returns. 

I'he  Tl'R,  .W/ARQ- 14(1,  provides  terra  in- fol  lowing  commmids  to  nuinually  or 
autoiicit  ica  1 ly  fly  the  aircraft  at  any  one  of  six  preselected  low-altitude 
terrain-clearance  altitudes.  Ihe  radar  also  operates  in  terrain-avoidance 
and  ground  maji  modes. 

llie  l-'LR,  ■A.N/Al’Q- 144 , is  a multimode,  noncolierent , Ku-band  radar  which 
furnishes  navigation  fixtaking,  bombing,  mid  rendezvous  information  within  a 
1 ine-of-s ight  rmige  of  200  miles. 


The  electro-optical  viewing  system  (lA'S)  consists  primarily  of  the  FLIR, 
which  scans  the  volume  forward  of  the  aircraft  and  processes  the  infrared 
energy  received  for  presentation  of  a real-time  video  picture.  The  I-I.IR 
video  can  be  viewed  by  the  pilot  and  cmi  bo  utilized  for  navigation  or  '117 
backup. 


Avionics  Multiplexing  Subsystem  (.AMllX) 

riie  function  of  the  .AMIJX  is  to  provide  a common  data  transmission  system 
whereby  the  various  offensive  sensing,  control,  and  display  subsystems  are 
interconnected  to  the  avionics  control  luiits  (AClI's)  to  provide  the  navigation 
and  weapon  release  functions.  Under  ACdJ  conti'ol,  a particular  subsystem  may 
be  interrogated,  requested  to  transfer  data  to  the  ACIJ,  or  if  commanded, 
receive  data  from  the  ACU.  Hie  data  ti'ansferred  are  encoded  into  24-bit  words 
using  Manchester  11  (biphase-1,)  in  accordance  with  MIL-S'IH  442. 


Central  Integrated  Test  Subsystem  (CITS) 

CITS  is  an  aircraft  subsystem  which  continually  and  automatically  tests 
the  operability  of  all  aircraft  subsystems.  Ilie  CITS  configuration  is  liased 
on  the  use  of  an  onboard  real-time  computer  to  control  data  acquisit ioning, 
data  processing,  and  data  dissemination  operations  for  performing  the  B-1  sub- 
systems test.  I'he  CITS  comprises  a digital  computer  with  a software  program 
which  processes  data  to  determine  the  operational  status  of  subsystems,  five 
data  acquisition  units  (IWI's)  for  interfacing  aircraft  subsystems  to  jirovide 
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the  computer  with  test  data,  a CITS  control  and  display  fCCDJ  panel  for  the 
nuin/machine  interface,  an  airborne  printer  (AP)  to  provide  immediate  post- 
flight rtti intenance  data,  and  a magnetic  tape  digital  recorder  to  provide 
overall  maintenance  and  logistics  data.  'ITie  analog  signals  are  +5  volts  (dc 
to  600  Hz).  Discrete  signals  are  ±5  vdc.  Serial  digital  signals  are 
M;inchester-t>'pe  +5  volts,  1 megabit/sec,  9 or  17  bits/word. 


hlectrical  Multiplex  System  ( I MllX ) 


llie  IMIX  system  perfomis  the  functions  of  receiving,  formatting,  and 
transmitting  data  on  redmidant  data  links,  as  well  as  providing  logic  pro- 
cessing for  electrical  jxjwer  control,  load  management,  and  monitoring.  'ITie 
system  also  performs  self-test  and  provides  IMJX  status  and  data  to  CITS. 

ITie  digital  signal  fonnat  is  two-way  Manchester  24-bit  words  at  1 megabit/ 
second  rate.  The  discrete  signals  are  +5  vdc.  Figure  4 shows  the  left-hand 
data  link  for  FMIX. 


Stores  Management  and  Weapons  Delivery  System 


'ITiis  system  provides  for  the  carriage  installation,  selection,  anning, 
and  safe  deployment  of  offensive  weapons.  The  basic  system  consists  of  the 
suspension  and  release  equipment  and  the  stores  management  system  (SMS). 
Weapon  release  (nuclear  and  SRAM)  is  controlled  by  SMS  selections  and  navi- 
gation and  weapons  deliver)'  systems  ACU's  All  signals  for  the  SMS  are 
discretes  and  Manchester  bipolar  code. 


Crash  Data  Recorder/Crash  Position  Indicator  (CDR/CPI) 

I'his  system  contains  a deployable  tape  recorder/radio  beacon  package. 
Various  aircraft  operational  parameter  data  and  crew  audio  are  recorded  for 
use  in  crash  investigations.  ITie  recorder/beacon  package  can  be  deployed  by 
the  crew  or,  automat i'Ca  1 ly,  by  crash-sensing  devices.  Upon  deplo>mient,  the 
radio  beacon  is  activated  on  24.S  MHz  emergency  frequency  to  assist  in  locating 
the  data  package  imd  downed  aircraft.  Tlie  beacon  has  a minimum  l ine-of- sight 
range  of  50  n mi.  Signals  for  the  CDR/CPI  are  Manchester  bipolar  code  and 
audio  signals  less  than  5-volt  RMS. 


Defensive  Subsystem  Group  (DSC) 


'ITie  DSC  is  an  advanced  automated  RF  surveillance  and  electronic  counter- 
measures system  (RFS/FCMS)  designed  to  enhance  the  R-1  penetration  in  the 
presence  of  hostile  radar  environments.  The  jnnpose  of  the  IkSG  digital  bus 
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system  is  the  high-speed  transmission  of  data  required  to  assess  the 
clectro-iiuignetic  environment  and  control  the  operation  of  the  IXIM  responses. 

The  data  transmission  hctivcen  the  Rl'S/liOfS  I.RD's  consists  of  parallel  dif- 
terential  binary  digital  data  with  bit  rates  of  0.5,  1.25,  and,  at  worst  case, 
5.0  mb/ sec.  The  data  also  consist  of  pulse- width  modulated  analog  data, 
with  pulse  width  varying  from  2 to  20  sec.  The  locations  of  the  B-1  equ’pment 
and  lines  representing  interlocution  buses  are  shown  in  Figure  5. 

SUBSYSTliMS  DFF  IN li'ION 

Ihe  FOCAF  study  was  the  beneficiary  of  two  other  fiber  optics  studies 
perfoniicd  by  Rockwell  in  the  area  of  subsystems  definition.  From  previous 
studios  of  jxitential  fiber  optics  implementation  in  the  DSd  (Reference  2), 
the  digital  data  buses  contained  in  tlie  DSC  liad  been  idcntificxi  as  candi- 
dates for  fiber  optics.  A description  of  these  buses  was  availalile 
(Reference  3)  and  was  used  in  this  study. 

Concurrent  with  the  FOCAP  study,  an  initial  screening  piocess  to  identify 
data  transfer  subsystems  (or  portions  thereof)  of  all  B-1  electronics  sub- 
systems other  than  the  DSC  that  might  emjiloy  fiber  optics  links  for  data 
transmission  was  performed  by  Rockwell  ( IRiiD  fluids)  for  one  of  the  in-house 
fiber  optics  studies.  lliis  initial  screening  process  was  accomplished  by 
(1)  examining  and  analyzing  the  integrated  wiring  schematics  of  all  major 
avionics  subsystems,  and  (2)  applying  a set  of  guidel  ines  to  extract  only 
those  portions  of  the  wiring  that  are  suitable  for  fiber  optics  implementation. 
Only  those  wires  that  carry  digital  (or  discrete),  analog,  or  video  informa- 
tion can  be  substituted  with  fibers.  Power  and  RF  signals  cannot  be  trans- 
mitted via  fibers.  .Accordingly,  wiring  servicing  LRU's  such  as  {xiwer  supplies, 
relays,  transfomiers,  switches,  waveguides,  antenna  assemblies,  intercom 
outlets,  micro  switches,  telephone  jacks,  etc,  were  eliminated  from  the 
integrated  wiring  schematics.  This  screening  process  was  applied  to  all  sub- 
system;; of  the  stLKly,  and  wiring  schematics  for  fiber  optics  imjilanentation 
were  constnicted  for  each  subsystem.  ,\  total  of  22  such  wiring  schematics 
were  derived,  and  are  dociuiiented  in  Reference  4. 

The  wiring  schematics  produced  during  the  IRf'iD  study  were  used  in  con- 
jimction  with  otiier  data  .such  as  wire  lists,  master  equi]>ment  lists,  and  area 
routing  diagriuiis  to  jiroduce  wiring  block  diagriuns  showing  LRU's  and  their 
location  by  aircraft  area;  data  line  interconnects;  wiring  txpe,  quantity, 
and  length;  siiielding,  conduits,  and  bulkhead  connectors.  These  drawings 
form  the  basis  for  installation  and  weight  studies  of  the  existing  data  bus 
wiring.  These  drawings  were  also  used  as  an  aid  in  the  fiber  o|itics  concep- 
tual design.  I'he  stylizcxi  block  diagram  o(  tiic  B-1  and  tiie  symbology  used 
in  the  drawing  were  developed  for  the  FtXlAP  program. 
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Figure  5.  DSG  etiuipmcnt  locations. 


The  list  shovvn  on  each  drawing  of  wiring  components  removable  in  a fiber 
optics  implementation  was  developed  in  accordance  with  the  definition  of  the 
retrofit  and  new  design  subsystems,  llie  total  number  of  subsystems  implemented 
in  fiber  optics  is  a study  variable,  llius,  it  was  necessary  to  develop  a 
method  of  allocating  conponents  to  a subsystem,  since  the  component  may  be 
shared  by  several  subsystems.  Tyjrically,  this  was  accomplished  by  allocating 
to  a subsystem  that  part  of  tlie  full  component  used  by  the  subsystem,  l-or 
example,  if  a subsystem  used  25  pins  out  of  the  estimated  average  100  pins 
used  in  the  t>'pical  bulkhead  connector,  then  0.25  bulkhead  connector  was 
allocated  to  this  subsystem  for  this  bulkhead  penetration. 

Detailed  installation  assumptions  for  particailar  sulisystem  comix)nents 
are  as  follows: 

1.  Hlectrical  Conduit  and  Dverhraid  Cable.  Conduit  and  overbraid  were 

removed  on  new  design  concepts  only  and  not  in  retrofit  studies. 

The  quantity  of  conduits  and  overbraid  considered  for  removal  is 

based  on  the  following  assLunptions : 

a.  Conduit  ;ind  overbraid  is  not  installed  on  wiring  inside  a 
hardened  bay  except  for  the  stores  management  system. 

b.  Outside  the  hardened  bays,  10  percent  of  the  wiring  is  in 
physical  protective  conduit  ;md  90  percent  of  the  wiring  is 
contained  in  liMI/BIP  protection  conduits  or  overbraid.  This 

protected  wire  is  50  percent  in  conduit  and  50  percent 
in  overbraid. 

c.  For  an  interconnecting  wire  between  hardened  and  nonliardened 
bays,  20  percent  of  the  wire  is  in  the  hardened  bay  and 

80  percent  of  the  wire  is  in  the  nonhardened  bay. 

d.  I'he  topical  conduit  is  1 .25- inch-diameter  by  0.020- inch-thick 
molyi^ermalloy;  for  the  average  60-percent  fill,  there  are  .50 
two-conductor  shielded  24-gage  cables. 

e.  'I’he  typical  overbraid  is  0.75- inch  diameter,  two  layers;  for  a 
complete  fill,  there  are  30  two-conductor  shielded  24-gage 
cables. 


2.  hlectrical  Bulkhead  Connectors.  Figures  for  the  electrical  bulk- 
head connectors  that  arc  candidates  for  removal  arc  based  on  128  pin 
connectors,  with  100  active  and  28  spare  pins.  The  number  of 
candidate  bulkhead  connectors  removable  in  a fiber  optics  imple- 
mentation of  a subsystem  is  1/100  of  the  bulklicad  wire  penetrations 
in  that  subsystem.  (Only  bulkheads  that  already  have  connectors  are 
considered  as  penetration  points.)  bulkhead  connectors  were  removed 
with  new  design  concepts  but  not  for  retrofit  studies. 
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3.  Wire  Shielding  and  Shield  Grounds.  Candidate  wiring  in  all  systems 
except  NAVS  5 RADAR  and  DSC  are  in  two-conductor  shielded  cables. 
NAVS  § RADAR  wire  is  80  percent  in  two -conductor  shielded  cables 
and  20  percent  in  three- conductor  shielded  cables.  DSC  wire  is  in 
various  sizes  of  multiple-conductor  shielded  cables,  as  defined  in 
reference  2.  One  6- inch- long  shield  ground  wire  is  estimated  for 
each  end  of  each  shielded  cable. 

llie  installation  block  wiring  diagrajns  developed  during  the  study  are 
shown  in  drawings  2-1  through  2-10  of  Reference  1.  Table  3 contains  a list 
of  wiring  statistics. 

lARLi;  3.  B-1  AIRCRAFT  WIRING  STATISTICS 


Wire  footage 

Shielded  wire 

508,280 

ft 

Shield  grounds 

21,903 

ft 

Unshielded  wire 

216,716 

ft 

Total  wire 

746,959 

ft 

Wire  segment 

Shielded  signal  paths 

50,828 

Unshielded  signal  paths 

21,732 

Signal  paths 

72,560 

Shield  grounds 

43,926 

Total  segments 

116,486 

Bulkliead  connector 

93 

Conduit  footage 

3,431 

ft 

Overbraid  cable  footage 

6 , 628 

ft 

Major  equipment  items 

983 

I 
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A suimary  of  the  installation  items  for  each  subsystem  is  contained  in 
Table  4.  For  reference,  the  totals  of  the  subsystem  are  compared  witii  the 
aircraft  totals  from  Table  3.  Of  the  943  major  IBRD's  on  the  aircraft,  351 
Tor  about  36  percent)  are  included  in  this  study.  About  17  percent  of  the 
ivirc  segments  and  19  percent  of  the  total  wire  footage  arc  also  included. 


FIBliR  OPTICS  IMPLFM STATION 

Conceptual  fiber  optics  designs  ivere  made  for  all  subsystems  identified 
in  the  baseline  description.  This  section  contains  (1)  a list  of  fiber 
components  used  in  the  study,  (2)  a description  of  the  methodology  used  in 
the  conceptual  fiber  optics  design  process,  and  (3)  a description  of  the 
resulting  fiber  optics  conceptual  designs,  including  a discussion  of  multi- 
ple.xing  conceptual  designs,  where  appropriate. 

c:omponi;n't  surviiy  anii  siihirnoN 

Comixjncnt  Data  Biuik 

A state-of-the-art  survey  of  fiber  optics  ckita  transmission  system 
com[X)ncnts  was  conducted  during  a previous  IRfiD  study  (Reference  2)  on  the 
B-1  DSC.  It  was  uixiatcxl  during  phase  1 of  FOCAP  to  provide  a data  bank  to 
be  used  as  the  basis  for  selecting  components  for  new  and  retrofit  fiber  optic 
data  links  under  study.  The  data  bank  is  included  as  Appendix  A primarily 
for  information  purposes,  although  many  of  the  comixsnents  listed  in  the 
tables  are  unsuitable  for  use  on  the  B-1  for  various  reasons.  The  perfonnance, 
physical  characteristics,  and  availability  of  fiber  optic  cables,  connectors, 
coujilers,  LITl's,  and  plioto-detectors  arc  summarized  in  this  appendix.  Hie 
characteristics  of  supporting  electronics  arc  peculiar  to  tlic  subsystem  and 
arc  disaisscd  in  the  sulisystcm  description. 

'Ilie  data  were  collected  by  contacting  Government  agencies  (Naval  CX'can 
Systems  Center  (NOSC,  formerly  NlihC) , San  Diego,  California;  Air  Force  Avionics 
l.aboratory  (AFAL)  ; WPAF'B,  Dayton,  Oliio),  approximately  35  suppliers  of  fiber 
optics  systems  comjxjncnts  and  systems,  and  tiirougli  a thorough  and  comprclicn- 
sivc  literature  search.  A list  of  agencies  and  suppliers  contacted  is  also 
included  in  appendix  A. 

I’liysical  and  1-nv i ronmcntal  F.ffects 

llic  physical  and  environmental  effects  on  the  comix^ncnts  of  a filler 
optics  subsystem  are  discrissed  in  tlie  following  paragraphs.  A suittmary  of 
the  B-1  aircraft  environment  is  sirown  in  Table  5. 
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Title 


[•light 
t'on  t 


Stores 

M^t 


T/VBLlf  4.  WIRING  INSTAIJA'J'ION  ITIMS  SUMNIXJIY 


liimdidate  Wiring  (for  Replacement) 


System  System 


I mix 


4 Flight 
1 ns  tr 


I.RlI's 

A 1 1 ec  ted 

Number  of  Wire 
Segments 

Avk 

Wire 

liajjc 

lotal 

W i re 
Footage 

Bulkhead 
Tonnector 
All oca  t i on 

1-1/1  Dia 
Rigid 
( .und(i  i t 

s/4  Dia 
tVe  rbraid 

© 

Signal 

(*aths 

Sli  ield 
Oronnd.s 

iota! 

® 

A1 locat ion 
lin  feet) 

v.ai ' I c 

A1  locat ion 
lin  feet) 

do 

' 5:^0 

s:’o 

740 

24 

2,700 

o.s 

8.0 

II. 1 

27 

' 270 

270 

S40 

1 

24 

2 , SOO 

0.2 

().(> 

II.  (1 

10 

70 

70 

140 

' 24 

' 000 

0.  1 

1.!) 

3.2 

d8 

1 , 1 SO 

11  SO 

d,soo 

2.i 

~,850 

2.- 

' 10.5 

1 

U _ - . 

2“.o 

00 

1 ,00(1 

1000 

2,00(1 

24 

IS,  10(1 

I.S 

, IS.- 

81.2 

1,175  1101) 


880  880 


1,700  ZA 


8 

0 iT'ash 

Recorder 

10  DSt; 

Totals 


1,200 

1200 

' 2,400 

-- 

1 1,500 

2.1 

1511 

I. SO 

300 

-- 

1,000 

0.2 

42 

0,000 

340 

7,225 

.551 

1.5,1  (.5 

0530 

10,080 

.AS.?", 

1,8.  r: 

1 i.'.i':. 

10.  if;. 

22.0 

220.0 

SoS.O 

3 1 . 8 

1-0.2 

~JS.o 

3".  1 

12.1 

10.8 

NlViT>>:  ^ Based  on  100  .'ictive  pins  in  an  NSJ^OSO  r2SF55p  recept/l:S274  ()"TJ5F3SS  ping  uitli  US  j>ins. 

© IlxcUisivc  of  switches,  jacks,  lights,  tenninal  hoards,  relays,  cirniit  breakers,  sensors, 
valves,  solenoids,  heaters,  jximps,  antennas,  detectors,  batteries,  transfonners,  dinmers, 
power  su|)plics,  tennination  boxes,  etc. 


Transient  nuclear  effects  (level  classified) 

liMl’,  ganmia  dose,  giimma 

dose  rate,  neutrons 

BlI 

14  Kllz  to  35  Mlz 

10  volts/meter 

>35  Mlz  to  10  Qlz 

5 volts/meter 

>10  Qiz  to  18  Qlz 

20  volts/meter 

Acoustic  noise,  142  db 

1 

Vibration 

Sinusoidal,  12  G peak 

Random,  0.7  G^/Hz 

Temperature 

Electronics 

Gabl ing 

Operating 

-65°  to  160°E 

-65°  to  265 °E 

(-53.8°  to  71.1°C) 

(-53.8°  to  129°G) 

Nonoperating 

-65°  to  203°F 

-65°  to  265 °r 

(-53.8°  to  95°G) 

(-53.8°  to  129°C) 
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Fiber  Optic  Cable 

iTie  temperature  range  of  the  fiber  optic  cable  is  primarily  a function  of 
the  type  of  jacket  material  used.  This  is  ti-ue  for  glass  clad,  glass  core 
fiber,  and  plastic  clad,  fused  silica  core  fiber,  since  the  melting  points 
of  these  fibers  are  much  higher  than  that  of  the  typical  jacket  materials 
being  used.  Supplier  data  show  the  temperature  ranges  for  the  common  jacket 
materials  to  be: 

1.  llytrel,  -55°  to  150°  C 

2.  PVC,  -10°  to  105°  C 

3.  Tefzel,  -55°  to  150°  C 

ITie  exception  to  the  preceding  is  the  plastic  clad,  plastic  core 
(polystyrene,  polymethyl  methacrylate)  fibers.  These  fibers  have  a useful 
temperature  range  between  -40°  and  82°  C.  The  temperature  range  requirement 
for  the  B-1  is  between  -54°  and  130°  C.  Thus,  the  plastic  core,  plastic  clad 
fibers  cannot  be  used  on  the  B-1. 

The  mechanical  properties  of  fiber  optic  cable  include  tensile  strength, 
bend  radius,  crush  resistance,  and  resistance  to  vibration  damage.  Tensile 
strength  of  fiber  optic  cable  is  primarily  a function  of  the  strength  of  the 
jacket  material  and  added  strength  members.  The  three  common  jacket  materials 
(i.e.,  PVC,  Hytrel,  and  Tefzel)  can  provide  up  to  .^0  pounds  of  tensile 
strength  without  the  addition  of  strength  members.  The  most  common  strength 
member  is  an  aramid  yam- like  material  from  DuPont,  called  Kevlar.  A 
0.024- inch- diameter  bundle  of  Kevlar  can  provide  a 120-pound  tensile  strength, 
and  a 0.030- inch-diameter  bundle  can  pi'ovide  180-pound  tensile  strength. 

Fiber  optic  cable  suppliers  are  using  Kevlar  in  50-pound-strength  bundles. 

For  example,  Valtec  uses  four  Kevlar  strength  members  in  the  19-fiber  plastic 
clad,  fused  silica,  Hytrel- jacketed  cable,  which  has  a 200-pound  tensile 
strength.  Galileo  al.so  uses  axial  Kevlar  strength  members,  but  in  addition 
adds  a layer  of  braided  Kevlar,  which  gives  the  Tefzel  jacketed  fiber  optic 
cables  approximately  400-pound  tensile  strength.  The  jackets  and  strength 
members  are  secured  to  the  fiber  optic  cable  fittings,  llierefore,  the  load 
is  on  the  jacket  and  fittings,  and  not  on  the  optical  fibers. 

Bend  radius  of  fiber  optic  cables  is  primarily  a fiuiction  of  the  t>’pe  of 
jacketing  material  being  used.  DuPont  has  tested  the  S120R  plastic  clad, 
fused  silica  single-fiber  cable  and  determined  the  minimimi  bend  radius  to 
bo  0.125  inch.  The  cable  was  able  to  sustain  a weight  of  17b  poimds  while 
around  a 0.25- inch  mandrel.  Coming  recommends  a minimum  bend  radius  of 
1.0  inch  for  the  seven-fiber  Corguide,  and  3.9  inches  for  the  19-fibcr  B-19 
cable.  Galileo  specified  the  minimum  bend  radius  for  Galitc  4000  plastic 
clad,  fused  silica  as  0.20  inch  for  a Pi'C  jacket,  0.275  inch  for  a Tefzel 
jacket,  and  0.75  inch  for  a Kevlar-strengthened  Tefzel  jacket,  containing  one, 
seven,  or  19  fibers. 
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I No  knovvTi  test  specifications  are  available  for  cmsh  resist;mce.  However, 

; some  testing  has  been  performed  at  Galileo  on  a 19-fiber,  plastic  clad,  fused 

I silica  core,  Tef cel- jacketed  cable  with  axial  and  braided  Kevlar  strength 

! members.  A 10-pound  weight  was  dropped  on  the  cable  100  times  from  a height 

] of  b inches.  At  the  conclusion  of  the  test,  only  one  optical  fiber  was 

broken.  Other  cable  suppliers  claim  good  cmsh  resistance,  but  no  quantitative 
data  are  available. 

Data  on  vibration  testing  of  fiber  optic  cable  are  relatively  sparse. 

No  data  are  available  from  fiber  optic  cable  suppliers,  who  generally  do  not 
have  the  facilities  to  perform  vibration  testing.  However,  numerous  tests 
have  been  perfonned  by  N'OSC  in  conjunction  with  the  A-7  airborne  light  optical 
fiber  teclmology  (,A1.01T)  program.  The  vibration  levels  tested  are  those 
specified  in  M1L-E-5400P.  The  method  outlined  in  MIL-T-5422F  was  used.  No 
resonances  were  found,  and  no  fiber  breakage  or  optical  degradation  occurred 
for  any  of  various  frequencies  and  temperatures. 

The  B-1  is  a strategic  aircraft  designed  to  perfonii  its  mission  and 
survive  in  a nuclear  environment.  Tlie  effect  of  nuclear  radiation  on  the 
optical  properties  of  various  optical  fibers  has  been  studied  extensively  by 
Sandia.  Tests  show  that  plastic  clad,  fused  silica  fibers,  some  germanium- 
doped-fused  silica  fibers,  and  plastic  clad,  plastic  core  fibers  have  excellent 
2'esistance  to  nuclear  radiation.  Studies  have  indicated  these  fibers  are 
acceptable  on  the  B-1  from  this  viewpoint  (refer  to  appendix  B) . Glass  core, 
glass  clad  fibers  suffer  severe  optical  degradation  due  to  ionization  of 
impurities  in  glass. 

Connectors 

Information  on  the  operating  temperature  ranges  for  fiber  optic  cable 
connectors  was  obtained  from  .Amphenol  and  ITT/Cannon.  Fiber  optic  cable 
connectors  made  by  Amphenol  have  an  operating  temperature  range  between  -55° 
and  199°  C.  ITie  Amphenol  connectors  meet  tenperature  cycling  requirements  of 
MIL-STD-202,  method  102,  test  condition  C.  ITT/Cannon  fiber  optic  connectors 
are  made  according  to  requirements  of  MIL-C- 39012,  MIL-C- 83733,  iuid 
MIL-C-83723. 

^\mphenol  fiber  optic  cable  connectors  are  expected  to  meet  the  shock 
requirements  of  MIL-SlT)-202,  method  202  (acceleration  = 50  G at  7 milliseconds'); 
vibration  requirements  of  MIL-STD-202,  method  204  (test  condition  D) ; and 
corrosion  requirements  of  MIL-STD-202,  method  101  (test  condition  B,  5-perccnt 
salt  solutionl.  LIT/Gannon  states  that  their  connectors  "will  nx-'ct  the  appli- 
cable requirements  of  current  military  specifications." 
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Xo  specific  data  on  connector  susccpt ihi 1 ity  to  nucJcar  radiation  are 
available,  but  there  is  no  reason  to  believe  that  connectors  arc  susceptible 
to  nuclear  effects. 


l.liD's  and  Photodctcctors 

The  operating  temperature  range  for  l.lD's  and  photodiodes  varies  from 
supplier  to  supplier  and  device  to  device.  Fairchild  specifies  the  operating 
temjx.’raturc  range  between  -55°  to  100°  C for  the  FPli-104  l.Fl),  and  -10°  to 
100°  f for  the  FPH  100  LID.  RCA  specifies  operating  temperature  between  -40° 
to  125°  C for  SC.  1009  LID,  -73°  to  75°  C and  for  SC  1001  IdD.  Spectronics 
specifies  the  operating  temperature  for  the  SPX  1775,  SPX  2251,  and  SPC  2354 
LID'S  between  -55°  and  125°  C.  RCA  specifies  the  operating  tcmjicraturc  for 
all  of  its  photodctcctors  to  be  between  -40°  and  80°  C.  Spectronics  specifies 
the  operating  temperature  for  the  SPX  1777,  SPX  2232,  and  SD  5425  photo- 
dctcctors to  be  between  -55°  and  125°  C. 

llie  relative  output  of  LF.IPs  as  a fimction  of  tcmpcratin-e  was  specified 
by  Bel  1 -X'ortheni  Research  for  their  single-fiber  LlD's  find  by  Fairchild  for  the 
FPIi  100.  Bell-Xorthern  specifics  that  the  relative  output  power  of  the 
BXD  40-3-10-2,  40-5-15-2,  and  40-3-30-2  LlD's  is  1.1  at  -25°  C,  1.0  at  25°  C, 
and  0.9  at  75°  C.  ITie  operating  temperature  range  for  these  devices  is  -40° 
to  85°  C.  Fairchild  specifies  that  the  relatic'e  radiant  output  be  100  percent 
at  25°  C,  80  percent  at  50°  C,  65  percent  at  75°  C,  and  55  percent  at  100°  C. 
Spectronics  reports  that  their  LlD's  output  power  degrades  0.044  dh  per 
degree  C temperature  increase. 

LID'S  arc  susccptihlc  to  gmiima  radiation  and  suffer  degradation  at  high 
total  gamma  dose  levels.  At  a level  equivalent  to  107  rads  in  silicon  material 
(10^  rads  Si],  the  quantimi  efficiency  of  ty]iical  LFD's  is  reduced  to  50  per- 
cent. Above  this  v'aluc,  the  qiumtim'  efficiency  decreases  almost  exponentially, 
and  at  10^  rads  Si,  it  is  degraded  by  a factor  of  300.  At  the  B-1  total  gamma 
dose  requirement  level,  no  degrading  effects  arc  exioectcd  to  occur  on  the  LFD's 

Neutrons  inflict  permanent  damage  which  is  exhibited  by  a reduction  in 
the  LID  quantum  efficiency  at  fluence  levels  above  11)13  neutj'ons  per  square 
centimeter.  At  the  B-1  requirement  fluence  level,  a reduction  in  the  cxtemal 
qUi'intum  efficiency  of  approximately  15  percent  is  expected. 

A transient  pulse  of  ionication  (proinjit  gamma)  incident  on  an  LID  will 
produce  electron  hole  pairs  in  the  region  of  the  P-N  jiuiction,  resulting  in 
a fonvard  current  flow  due  to  forward  biasing.  If  the  intensity  is  great 
enough,  photon  output  will  be  generated  for  the  duration  of  the  pulse,  with 
the  LFD  resimiing  nomuil  operation  aftenvards.  'Ihe  intensity  required  to 
generate  light  is  3.5  x 1()1*'  rads  Si  per  second  for  a txqiical  14'D.  At 
B-1  prompt  gamma  levels,  no  effect  is  expected. 
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lotal  gamma  dose  susee|)t  ihi  I ity  of  phottKl iodes  ranges  I'rom  104  to  106  rads 
Si.  Hie  erfeets  are  in  the  fom  of  peniianent  degradation  of  the  diodes 
current -VO It age  characteristic  curve.  No  effects  arc  expected  at  the  B-1 
total  giuimia  dose  requirement  level. 

A photodiode  becomes  vulnerable  to  neutron  effects  at  a flucncc  level 
of  approximately  10^'  neutrons  per  square  centimeter,  where  jimction  capaci- 
tance :md  series  resistimcc  arc  degraded.  Ihc  quantum  efficiency  will 
generally  be  independent  of  neutron  radiation  since  the  device  is  operated 
in  the  fully  depleted  region  (reverse  bias),  where  absolution  of  all  incident 
quanta  takes  place  only  in  the  intrinsic  layer.  At  B-1  requirement  neutron 
flucncc  levels,  no  detectable  effects  will  occur. 

Photodiodes  generally  respond  to  prompt  gamma  radiation  by  producing  a 
fonvard  current  waveform  which  follows  the  waveform  of  the  g;mmia  pulse  quite 
closely.  This  response  is  facilitated  by  the  reverse  bias  operation  of  the 
photodiode.  .Similar  devices  are  used  to  monitor  gamma  intensity  in  flash 
X-ray  radiation  testing  with  good  reliability.  Tests  performed  by  Singcr- 
Kcarfott  indicate  induced  photocurrents  of  10  to  100  ma  at  gamma  dose  rates 
of  lOb  to  10^  rads  Si  per  second,  lliesc  current  transients  are  easily 
handled  by  the  diode  structure,  which  is  designed  to  prevent  high  surge  cur- 
rents and  diode  burnout.  At  B-1  levels,  transient  upset  due  to  prompt  gamma 
is  e.xpccted,  with  2'cco\’cry  to  normal  following  the  g;mima  pulse.  Various 
integrated  circuit  components  presently  used  in  B-1  avionics  hav'c  response 
waveforms  at  their  output  tcniiinals  which  are  device  dependent  and  do  recover 
to  pregamma  state  in  cero  to  50  uscconds.  Ihe  loss  of  one  data  bit  or  data 
frame  is  the  only  expected  result  of  e.x-posurc  to  prompt  gimima.  A more  detailed 
analysis  of  expected  fiber  optics  nuclear  effects  is  contained  in  appendix  R. 


I'l  ight  Test  Data 

tinvi ronmental  effects  on  a total  fiber  optic  data  transmission  system 
were  evaluatctl  during  the  .\avy/lBM  A-7  AI.OIT  demonstration  study  under  labora- 
tory conditions  by  1,1V,  Dallas,  Texas,  and  by  .\OSC,  San  Diego,  California, 
during  flight  test.  The  1,T\'  testing  included  a .5-month  ground  test  of  the 
IBM  hardware  vvhilc  installed  in  an  avionics  simulator  of  the  A-7  navigation 
and  weaix)n  delivery  system  (N’/lVDS).  The  puniose  of  the  testing  was  to  insure 
conpat ibi 1 ity  of  the  hardware  and  software  of  the  A-7  N/UHS  and  gather 
environmental  test  data  on  the  fiber  optics  links  before  going  into  flight 
tc.st.  A data  link  identical  to  that  installed  on  the  A-7  was  subjected  to 
the  following  tests  mider  operating  and  nonoperating  conditions; 

* fempcrature/al  t itude  as  defined  in  Ml l,-li-54()i)P,  class  2, 
operation 
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• Temperature  extremes  as  defined  in  L'lV  report  Z-SOSbO/TR-sySS, 

"T.nvi  ronmcntal  Definition  .Xnalysis  Report,”  dated  23  September  1974 

• Temperature  and  shock  as  defined  in  Ml  I.-b-S4()0P,  class  2, 
nonoperation 

Ibc  tost  results  indicated  that  the  fiber  optic  components  will  survive 
aboard  the  A-7  aircraft.  The  tests  also  demonstrated  that  the  fiber  optic 
components  will  not  degrade  the  .N'/WXS  pcrfoniunce  when  exposed  to  the  A-7 
env i ronment . 

During  the  subsequent  fliglit  test  of  the  A-7  /M.OFT  aircraft  at 
(ihina  Take,  during  .June  197h,  the  fiber  optic  system  demonstrated  perfoniiancc 
equal  to  that  of  the  hardware  system  it  replaced.  The  pilots  of  the  flight 
test  aircraft  reported  "no  difference"  hetw’ccn  tlie  two  systems. 


.Summar\' 

Bascti  on  the  preceding  discussions  and  tlie  IRllD  study  for  DSG,  it  is 
concluded  that  fiber  optics  components  are  cither  available  or  can  be  developed 
to  perform  satisfactorily  in  the  B-1  environment. 

Fiber  cables,  both  in  bundles  and  as  singles,  arc  available  from  numerous 
suppliers.  iTie  atteniuition  of  the  fibers  varies  from  20  to  1,200  db/Km. 

A multitude  of  connectors  and  couplers  arc  available  for  fiber  bimdles. 
Connectors  and  couplers  for  single  fibers  are  under  developement . 

I.FD's  and  photodctectors  are  available  in  a great  variety.  Tlie  risetimes 
of  LFD's  vary’  from  1 to  20  ns;  photodctectors  v^ith  risetimes  less  tlian  10  ns 
arc  common. 

A fair  amount  of  cnvirormiental  testing  has  been  pcrfoinicd  on  the  compo- 
nents and  on  total  fiber  optics  data  transfer  sy’stems,  although  no  milit.uy 
specification  or  standards  have  beer  written  on  any  of  the  components.  llic 
data  available,  however,  give  high  confidence  that  fiber  optics  data  transfer 
components  can  work  satisfactorily  in  the  B-1  thermal,  vibration,  and  nuclear 
environment . 


Components  Selection  ;ind  Description 


A baseline  set  of  conifxincnts  was  selected  for  conceptual  fiber  ojit  ic 
design  for  the  FtXiAP  study.  Ibesc  com]ioncnts  are  as  follows. 
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I.ight-liniitt ing  Diodes  (IdiD's) 


Device:  Spectronics  SDX1775 

Output:  2 miv  minimum  at  100  ma  at  007  nanometers  (nm)  , up  to  5 m\\  at 
higher  current  (50-pcrcent  duty  cycle] 

Rise  time:  20  nsec 

Selection  criteria:  More  data  are  available  on  this  LliD  than  most  others 
The  IT'D  was  designed  for  militaiy  data  bus  applications  and  has 
demonsti'atod  system  perfoniiance.  Output  power  is  higher  than  most. 


Photodiodes 

Device:  Spectronics  SPX177" 

Response:  0.64  amp/watt 
Rise  time:  1.5  nsec 

Selection  criteria:  Same  as  for  LTD.  Response  is  better  than  most. 


Tiber  Cable 

Type:  Plastic  clad,  fused  silica  (e.g.,  V'altec  POOS) 

Calculated  numerical  aperture:  0..50 
Fiber  diameter;  0.00b  in. 

Fiber  core  diameter:  0.005  in. 

Number  of  fibers:  19 

Rundle  diamt'tcr,  exclusive  of  sheathing:  0.050  in. 

Packing  fraction:  0.528 

Attenuation:  The  specification  for  this  calile  is  40  db/Km  at  820  nm. 

At  907  nm,  the  attenuation  is  estimated  to  )ie  lOO  db/Ki’i,  including 
noncont i nuous  fiber  effects. 
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Jacket  Material:  Tefzel  or  nonflanuiiablc  llytrel 
Strength  members:  Kevlar 
Cable  diameter:  0.11  in. 

Cable  weight:  7 lb/1,000  ft 

Selection  Criteria:  This  t>’]:)C  of  fiber  is  more  resistant  to  nuclear 

effects  than  others  and  meets  the  temperature  rcciuirements.  Kevlar 
strengtli  members  arc  necessary  to  meet  the  pull  strength  reciuirement 
of  .S.S  poimds.  lliis  fiber  has  a high  numerical  aperture  and  packing 
fraction  relative  to  other  nuclear  resistant  fibers. 


Couplers 

iTic  function  of  a coupler  is  to  distribute  an  optical  signal  ainong  multi- 
ple optical  paths,  forming  the  optical  analog  to  the  electrical  splice  {X)int. 
Two  types  of  couplers  were  employed  in  the  FOCAP  study:  radial -ann  or  star 
couplers,  and  Y-couplers. 


Star  Coupler 

Device:  Spectronics  radial  ann 
Internal  loss:  1.5  db 
Connector  loss:  5 db 

Selection  criteria:  The  aforementioned  projected  loss  pcrfoniiance  is 
the  best  known.  Tliis  type  coupler  has  been  designed  and  used  in  a 
system  employing  n*3st  of  the  other  components  listed  here. 


Y-Coupler 

ITic  device  employed  in  the  FOCAP  study  is  a conceptual  design  only;  no 
device  having  exactly  the  characteristics  conceived  is  known  to  exist,  but 
there  are  no  known  technological  hurdles  to  its  manufacture.  Conceptually, 
the  device  consists  of  a tapered  mixing  rod  made  of  pure  fused  silica,  coated 
on  each  end  with  an  :mti reflectance  coating,  and  on  the  curved  surface  by 
the  saine  plastic  coatings  used  in  fiber  manufacture.  Ihe  diameter  of  the  rod 
is  0.030  inch  on  one  end,  corresponding  to  tlie  bundle  diameter  of  the  fiber 


30 


cable  used,  and  about  0.042  inch  on  the  other,  corresponding  to  the  diameter 
of  a composite  bundle  made  up  of  the  junction  of  two  19-fibcr  bimdles.  ITie 
length  of  the  rod  is  estimated  to  be  on  the  order  of  0.5  inch. 

For  a properly  designed  coupler,  the  loss  encountered  in  going  from  the 
single  bundle  to  two  bundles  would  be  the  sum  of  the  power  split  and  a con- 
nector loss,  or  about  7 db.  The  loss  encountered  in  going  in  the  reverse 
direction  should  be  less.  A 7 db  loss  is  assiuned  in  each  direction  for  the 
I-OG\P  study. 


Connectors 

No  specific  connector  was  identified  as  a baseline  in  the  FOC'AP  study. 

A great  many  connectors  exist,  and  they  are  ty]:)ically  iTiOdified  MlL-qual ified 
wiring  connectors.  ITie  optical  performance  of  the  system  at  a connector  is 
almost  entirely  a function  of  the  fiber  cable  used  and  its  termination  tech- 
nique; the  primary  function  of  the  connector  is  to  hold  the  fiber  bundles  in 
alinement.  The  FOC.^  study  assumes  that  the  LFD's  and  photodiodes  in  the 
F-0  conversion  electronics  will  he  nwuntable  in  the  connector  on  an  l.RU; 
this  is  the  only  significant  constraint  unique  to  fiber  optics  imposed  upon 
connector  selection.  For  the  purposes  of  making  fiber  optics  block  diagram 
layouts  and  weight  estimates,  the  Deutsch  series  of  fiber  optics  connectors 
was  used. 


POlVliR  BUDGIiTING 

Power  budgeting  is  the  process  of  comparing  projected  link  losses  with 
those  losses  allowed,  to  assure  that  the  communication  link  will  operate  satis- 
factorily (i.e.,  that  it  has  a satisfactory  projected  S/N  ratio  or  bit  error 
rate  (BKR)j.  The  link  analysis  used  in  the  FOGAP  study  depends  heavily  upon 
work  performed  by  Spectronics,  Inc,  for  the  Air  Force. 


Allowable  Link  Loss 


The  allowable  link  loss  is  that  sum  of  the  losses  allocalile  to  a system 
with  which  the  system  will  properly  operate,  llie  factors  affecting  the 
allowable  link  loss  arc  the  LFJ)  output,  the  receiver  sensitivity,  and  the 
required  signal-to-noise  ratio. 


i-Fll  Output 

Ihc  signal  source  selected  for  FOGAP  is  the  Spectronics  SPX1775  LID,  or 
equivalent.  This  I.FI)  has  a 2 mw  minimimi  output  at  907  ran  with  a driving 
current  of  100  ma.  At  higher  driving  current,  outputs  of  5 mw  are  achievable. 
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In  this  study,  outputs  ranging  from  I mw  (0  dbm)  to  5 mw  (7  dhmj  were  assumed. 
'Ihe  larger  values  were  used  when  necessary  to  achieve  a desired  link  nuargin  of 
b db  minimum.  The  effect  of  tlie  thermal  and  nuclear  envi roimients  were  not 
included  in  the  LI-D  output  assumption.  It  is  anticipated  that  within  the  time 
frajne  of  the  TOtlAP  study,  LliD's  less  susceptible  than  those  currently  avail- 
able could  be  developed.  Tor  the  worst  case,  present  LbD's  would  degiade 
between  1 and  5 db  due  to  temperature,  and  less  than  1 db  due  to  nuclear 
effects. 


Receiver  Sensitivity 

; 'I\vo  receiver  concepts  were  employed  in  the  FOtTXP  study.  These  are  tlie 

' "variable  receiver"  and  the  "fixed  receiver." 

j Variable  Receiver.  The  sensitivity  of  the  variable  receiver  using  a 

! Spectronics  SPX1777  or  equivalent  PIN  photodiode  is  being  projected  using 

the  Spectronics  recommended  detection  scheme  (reference  SJ.  This  concept 
, assumes  that  the  receiver  is  a system  design  variable,  and  that  the  receiver 

■ will  be  optimized  for  the  system  data  I'ate.  For  digital  data  bus  systems, 

‘ the  sensitivity  (i.e.,  signal  power  for  S/N  = 1)  as  a fiuiction  of  data  bus 

j I'ate  is  as  follows: 

i Sens i t i V i ty 


\ Data  bus  rate  (mb/s) 

(nw) 

(dlim ) 

' 1 

0 . 4b 

-b3.4 

- 

0.92 

-bO.3 

5 

2.. 3 

-50.3 

7 

3.3 

-54.8 

10 

4.7 

-53.2 

20 

9.8 

-50. 1 

.30 

1.3 

-48.2 

40 

21 

-40.8 

Ihe  effective  bandwidth  (and,  iience,  the  sensitivity)  of  tlie  receiver  is 
also  a function  of  the  effective  risetimes  of  the  other  components  of  the 
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conmuiicat ion  link.  .Xn  approximate  expression  of  the  overall  risetime  of 
successive  nonident ical  stages  is  (Reference  6): 


t = 1.1 


t + t + . 
1 2 


where  t is  the  overall  risetime  and  tj  is  the  risetime  associated  with  the  ith 
stage,  fhis  relationship  can  be  used  to  compute  the  effective  receiver  sensi- 
tivity degratlation  as  a fiuiction  of  the  other  link  component  risetimes.  'Hie 
degradation  in  receiver  sensitivity  as  a function  of  the  bus  data  rate  and 
l.lil  risetime  is  shown  in  Figure  b.  The  l.S  ns  photodiode  risetime  is  that 
for  the  Spectronics  SP.\1777.  The  5 ns  fiber  risetime  is  appropriate  for  a 
15l)-foot  length  of  fused  silica  fiber  having  a numerical  aperture  of  0.30 
using  the  relationship 


risetime  = 


(numerical  aperture)"  x length 

2 X index  of  refraction  x speed  of  light 


The  degradation  shown  in  I'igure  b is  conservative  for  low  data  rates. 

Fixed  Receiver,  llie  foregoing  discussion  assumes  that  the  receiver  is  a 
system  design  variable.  Hie  FCXIAP  study  also  includes  designs  where  the 
receiver  being  developed  by  the  Air  Force  is  used.  This  receiver  is  a fixed 
design,  designed  for  operation  at  10  mb/sec;  it  will  toggle  at  300  n watts 
(-35.2  dbm)  and  achieve  a bit  error  rate  (BFRj  of  10*8.  por  the  FCX'AP  study, 


it  was  assumed  that  the  receiver  would  operate  at  a sensitivity  of  -34  dbm 
and  achieve  a BliR  of  10’^*'. 


Required  Signal -to- Noise  Ratio  (S/N) 
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Typically,  the  B-1  data  bus  systems  require  a B1;R  of  10  , Because  of 

the  relative  insensitivity  of  the  S/N  to  the  BhR,  and  to  compensate  for 
cumulative  BhR  caused  by  repeated  signals,  a S/N  of  13  db  is  being  used  for 
all  configurations  in  this  study. 


Link  Losses 


The  link  loss  is  dependent  upon  the  components  used.  Typically,  these 
components  consist  of  the  fiber  cable,  bulkhead  connectors,  star  (or  radial 
arm)  couplers,  and  Y-couplers. 

Fiber  Attenuation 

The  Valtec  plastic  clad,  pure  fused  silica  cable,  or  equivalent,  has 
been  selected  as  the  baseline  for  the  B-1  FOCAP  studies  on  the  basis  of  its 
nuclear  hardness,  high  numerical  aperture,  relatively  low  loss,  and  high 
packing  fraction.  The  attenuation  of  this  fiber  is  nominally  40  db/Km  at 
820  nm,  but  the  attenuation  of  the  fibers  increases  at  907  nm,  the  nominal 
output  wavelength  of  the  Spectronics  SPX1775  LED.  For  the  purposes  of  the 
link  analyses  performed  for  this  study,  an  attenuation  of  100  db/Km  is  being 
used.  This  value  includes  noncontinuous  fiber  effects. 


Bulkhead  Connectors 

A bulkhead  bundle-to-bundle  connector  loss  of  4 db  has  been  assumed  in 
the  FOCAP  study.  A theoretical  analysis  projects  a 2.8  db  loss  due  to  packing 
fraction  and  0.3  db  loss  due  to  surface  reflection,  for  a total  loss  of 
3.1  db.  The  same  theoretical  approach  predicts  2.0  db  loss  for  the  A-7  ALOFT 
fiber  cable  (367  glass  core/glass  clad  fibers).  The  industry  has,  however, 
consistently  measured  3.0  db  connector  loss  for  the  A-7  AI^OFT  fibers,  or  1 db 
excess  loss  over  the  theoretical  predictions,  lliis  excess  loss  is  attributed 
to  imperfections  in  termination  techniques,  llie  same  excess  loss  should  be 
achievable  on  the  plastic  clad, fused  silica  (PCFS)  fiber,  resulting  in  a 
4 db  connector  loss. 

Suppliers  of  fiber  optic  cable  and  connectors  and  companies  doing  applied 
fiber  optic  data  transmission  system  research  were  contacted  to  reevaluate  the 
industry's  experience  with  this  cable,  /imong  those  companies  contacted  were: 

1.  Anphenol  Connector  Division  of  Biuiker-Ramo 

2.  I T( /Cannon 

\altec  ('o,  Fiber  (ij^tics  Division 

3.S 


3. 


4.  Spectronics,  Inc 


5.  Galileo  Hlectro-Optics  Corp 
b . Boe  Lng  Co 

Three  of  the  preceding  companies  actually  measured  the  connector  losses 
and  report  values  ranging  from  6 to  8 db,  as  compared  to  the  estimated  4 db. 
'Ihe  consensus  among  the  cable  users  is  that  the  excess  loss  is  attributable 
to  the  plastic  cladding  for  one  reason  or  another.  Among  the  possible  causes 
of  the  excess  losses  mentioned  by  the  users  are  (1)  poor  concentricity  and 
cladding  thickness  control,  (2)  cladding  damage  due  to  poor  core/cladding 
adhesive,  (3)  use  of  an  epoxy  with  a refractive  index  similar  to  that  of  the 
core,  and  (4)  change  in  the  refractive  index  of  the  plastic  upon  being 
squeezed  during  the  cable  termination  process.  Among  the  suggested  remedies 
are  better  quality  control  during  manufacture,  the  use  of  a new  harder  plastic 
on  Teflon-type  cladding,  and/or  the  use  of  an  epoxy  having  a refractive  index 
similar  to  that  of  the  cladding. 

Based  on  the  foregoing  survey,  a 4 db  connector  loss  for  the  PCFS  fiber 
appears  to  be  achievable  even  though  this  is  presently  an  optimistic  figure. 
Therefore,  a 4 db  connector  loss  has  been  assumed  in  this  study. 


Coupler  Losses 

ITie  loss  at  the  LHD/fiber  bundle  interface  is  assumed  to  be  10  db.  A 
loss  of  10.5  db  has  been  achieved  by  Spectronics  using  an  annular  ring  fiber 
bundle  configuration,  and  they  project  that  7.3  db  should  be  achievable.  The 
loss  at  the  photodiode/fiber  bundle  interface  is  small.  For  link  analysis,  it 
is  assumed  to  be  zero  in  concurrence  with  Spectronics'  practice,  in  which  the 
responsivity  of  the  photodiode  is  measured  using  a fiber  optic  bundle;  there- 
fore, any  interface  loss  is  included  in  the  photodiode  performance 
characteristics . 

The  loss  associated  with  a star  coupler  can  be  divided  into  two  compo- 
nents: internal  loss  and  loss  at  the  coupler/bundle  interface.  According  to 
Spectronics,  current  intemal  loss  is  4 to  5 db,  with  1 to  2 db  projected  as 
achievable;  1.5  db  is  being  used  in  the  FOCAP  study.  Current  couplcr/biuidlc 
interface  losses  are  6 to  10  db,  and  4.2  db  is  ex]5ccted.  A figure  of  5 db  is 
being  used.  A Y-couplcr  using  a mixing  rod  is  being  projected  to  have  a loss 
of  7 db,  including  the  power  split. 
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ITie  preceding  criteria  have  been  applied  to  the  conceptual  design  of  ^ 

fiber  optics  subsystems.  In  this  section,  the  resulting  fiber  optics  concepts 
and  their  link  margins  are  discussed.  Also  discussed  are  the  h-0  interface 
adapters  unique  to  each  subsystem,  and  multiplexing  concepts  where  appropriate, 
llie  installation  block  diagram  for  each  subsystem  described  in  this  section 
is  contained  in  Reference  1. 

! 

liMUX,  and  CHS 

IMJX,  .AMUX,  and  CITS  are  1 mb/sec  multiplexed  data  bus  subsystems,  and 
will  be  discussed  jointly. 

I 

E-0  Interface  Adaptation 

IMJX,  /\MUX,  and  CITS  are  very  similar  in  terms  of  conversion  to  fiber 
optics.  ITie  existing  multiplex  data  rate  is  well  within  the  state-of-the-art 
in  terms  of  circuit  development  and  encoding  or  decoding  techniques.  The  ‘ 

major  emphasis  in  terms  of  building  the  E-0  adapters  is  to  compact  the 
circuitry  through  use  of  available  techniques  such  as  CMOS  or  low-power  Scbottky 
devices.  These  state-of-the-art  devices  will  provide  multiplex  rates  of  10 's 
of  mb/sec.  Retrofit  and  new-design  implementations  will  be  discussed. 

Ret ro f i t . In  the  retrofit  design,  a small  adapter  unit  is  added  internally 
to  the  I.RIJ  and  is  connected  to  the  multiplex  output  of  the  LRU.  This  unit 
performs  the  electrical -to-optical  and  optical-to-electrical  signal  conver- 
sion shown  in  Figure  7.  The  LED  photodiode  and  associated  electronics  arc 
mounted  behind  the  LRU  connector.  The  tecimical  descriptions  of  these 
adapters  were  developed  for  the  FDCAP  study  and  arc  discussed  in  detail 
in  Appendix  C.  There  are  three  different  types  of  adapters;  the  tyjie  A 
is  used  for  conversion  of  the  CI'IS  LRU's,  type  B is  used  by  the  AMUX,  and 
type  C is  used  by  liMUX  LRU's.  'Ihese  adapters  i\/cre  designed  to  be  easily 
installed  in  the  LRU's  and  to  least  affect  the  LRU.  Ilie  types  A and  B adapters 
for  CITS  juid  /\MJX  require  two  LED's  and  photodiodes  per  channel.;  the  positive 
and  negative  Manchester  excursions  are  transmitted  on  separate  channels.  Ibis 
requirement  is  imposed  by  the  detection  and  synchronization  schemes  used  in 
CITS  and  AMUX,  and  thci'c  is  no  feasible  way  of  avoiding  the  requirement  without 
modification  of  existing  circuitry.  'Hie  IMJX  adaptation  does  not  impose  this 
requirement  on  the  fiber  optics  design.  The  technical  description  of  the 
fiber  optics  adapters  presented  in  Appendix  (]  is  sufficiently  general  to  apply 
to  all  fiber  optics  concepts  under  consideration. 
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E-0  retrofit  implementation  for  IMJX,  yUllJX 


New  He  si, jin.  The  new  design  approach  consists  of  redesigning  the  existing 
multiplexing  sections  of  the  I.RU's.  The  existing  electrical  interface  usually 
consists  of  a transformer,  a receiver/transmitter  section,  an  MUX  and  a de-MlJX 
section,  and  parallel  or  serial  shift  registers  and  sync/parity  generators. 
iTie  replacement  fiber  optics  electronics  contains  similar  components  but  is 
tailored  for  optical  transmission.  The  fiber  interface  modules  (TIMJ  require- 
ments fonnulated  for  the  li^IlJX  and  CITS  subsystems  are  presented  in  appendix  D. 
llwse  LRU's  interfacing  on  the  .-\MUX  presently  utilize  cither  a three-card  1/0 
modem  or  a standard  multiplex  interface  module  [MlMj.  ITiercfovv’,  a fiber 
optical  module  that  is  essentially  the  same  as  the  MIM  in  terms  of  form,  fit, 
and  fiuictions  was  designed.  The  fiber  optic  MIM  (TQMIM)  requirements  arc  dis- 
cussed in  appendix  lb  for  the  new  design  fiber  optics  concept,  only  one  Ll'J)/ 
photodiode  set  is  required  per  data  channel. 

h-0  Adaptation  Installation  Impact.  Design- to-parajneters  (weight,  volume, 
etc)  developed  for  the  interface  adaptations  were  fenvarded  to  respective 
suppliers.  Their  e.-,timatcd  impact  of  installing  the  li-0  adapters  in  various 
LRU's  comprising  the  IMJX,  .AMUX,  and  CITS  subsystems  is  shown  in  Table  6. 
ihesc  data  were  furnished  by  the  LRU  supplier.  Cost  data  submitted  concurrently 
are  included  for  infonnational  purposes. 

As  can  be  seen  by  inspection  of  the  data,  the  physical  impact  of  fiber 
optics  on  tfic  LRU's  is  generally  small  and  reasonably  consistent.  The  costs 
show  a wide  variation  from  supplier  to  supplier.  Ibe  costs  shown  in  the  table 
assume  the  fiber  optics  adaptation  hardware  is  supplied,  and  thus  do  not 
include  that  cost,  factors  to  account  for  material  procurement  cost  (MRi)  and 
general  and  administrative  cost  (GfiA) , and  profit/fee  for  the  prime  contractor 
hav'e  not  been  applied  to  these  dollar  estimates. 


IMJX  Subsystem  Implementation 

llie  B-1  IMJX  subsystem  consists  of  two  independent  1 mb/sec  data  transfer 
subsystems,  each  of  which  has  redundant  bus  controllers  and  data  links,  fig- 
ure 4 shows  one  of  these  subsystems.  For  the  jxirposes  of  power  budgeting, 

IMJX  may  be  considered  to  consist  of  four  independent  buses,  each  having 
redundant  controllers.  ITie  subsystem  data  transfer  requirement  is  that  each 
controller  on  a bus  must  have  two-way  communication  capability  with  every 
other  LRU  on  the  bus. 

lour  fiber  optics  conceptual  designs  were  created  for  the  fOCAl’  study; 
new  design  and  retrofit  star  coupler  configuration,  and  new  design  and  retrofit 
daisy  chain.  The  retrofit  and  new-design  configurations  are  identical  external 
to  the  LRU. 


IX,  AMI)  CrTS  r,-0  ADAPr/VnON  INSTAI.I-ATIONJ  IMl’ACT 
ibtaincd  from  B-1  Suppliers) 
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Star  Cbiip  1 c r Cion  f i gu  ra  1 1 on . Ihi.s  configuration  uses  a star  coupler  as  ;ui 
optical  jiBiction  point  for  all  LRU's  in  an  area.  A conceptual  star  coupler 
configuration  for  the  right-hand  primary  liMUX  data  has  is  shoun  in  figure  8. 

It  is  typical  of  the  buses  in  the  sulisystem.  In  this  figure,  LRU's  9200  MXl 
through  MX4  are  the  bus  controllers.  The  remainder  are  primarily  data  acqui- 
sition units  imd  communicate  only  with  the  bus  controllers.  .Also  shoiui  in 
this  figure  are  bus  terminations  labeled  Cl^RiPS;  these  are  ground  maintenance 
test  [X)ints.  from  a jx)wer  budgeting  standpoint,  the  bus  is  divided  into  mul- 
tiple segments  which  communicate  via  active  repeaters  in  strategically  located 
LRU's.  .An  e.xample  of  such  an  LRU  is  M\24.  The  repeater  repeats  all  infonna- 
tion  fran  either  direction  on  a hit-by-hit  basis.  Thus,  each  segment  may  be 
considered  independent  of  the  remainder  of  the  lius  for  ix)wer  budgeting;  the 
only  constraint  is  that  cmiiulative  hit  error  rate  for  all  segments  on  a bus 
not  e.xceetl  the  bus  recju  irement . 

■fhe  link  aivilysis  for  ilie  star  coujder  configuration  for  this  bus  is 
shown  in  lahle  7.  The  table  shows  tlie  allowable  link  loss  computation,  lists 
the  loss  elements  [X'culiar  to  each  link  in  the  bus,  and  tabulates  tlie  projected 
link  loss  and  link  margin.  llie  losses  associated  with  loss  element  are; 

f.lement  Loss  (dbj 


LfCD/bundl  e/photodiode 

10 

Biuulle  attenuation  (per  foot) 

0.0 

Bulkhead  connector 

4 

Y-coupler 

7 

Star  coupler 

.S-ixut 

1.S..S 

(i-port 

14.  S 

■|T)e  minimimi  link  m.argin  for  thi>  bus  for  the  star  coupler  concept  is 
9 db;  however,  the  n.inimimi  link  margin  for  one  of  the  other  buses  in  this 
subsystem  is  b db. 
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Daisy  fhain  (Configuration.  A conceptail  dai  \ tii.:: 
I'MIX  right-hand  primary  data  Inis  is  slniwn  in  ! i i: 
information  receiveii  by  an  LRU  not  actiM-h  ti  . * 

bit-by-iiit  basis  by  the  LRU.  lli  i s conci'pt  ■ tt  t 
inside  each  LRU.  The  link  analysis  for  tic  i ' 
(.bisy  chain  configuration  is  given  in  TabU 
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Allowable  link  loss  cominitat  ion 


l.bl)  output  (2.S  mw) 

Receiver  sensitivity  (variable) 


S/.\' 


4 dbin 
- (-ba  dbm) 
()7  db 
= ia  db 


Allowable  link  loss 


54  db 


Link  loss  iind  link  margin  computation 


Link 

Tota  1 
fiber 
length 
(ft) 



Nimiber 

Y- couplers 

Nimiber 
bul  kliead 

connectors 

Star 
coupler 
No.  of 
poi'ts 

Total 

1 ink 
loss 
(db) 

Link 

margin 

(db) 

B 

mgm 

92()()MX2 

‘)2()()M>;24 

■ 

7 

- 

s 

38 

1() 

92()0MX4 

■9 

7 

- 

5 

38 

Ib 

92()()M\20 

14 

7 

- 

5 

38 

Ib 

92nOMX92 

10 

7 

- 

5 

38 

lb 

92nOMX24 

92()0NL\54 

n 

3 

7 

- 

40 

14 

92()()MX14 

4 

1 

- 

44 

10 

92nOMX18 

H 
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1 

- 

44 

10 
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92()()MX44 

83 

3 

3 

- 

19 

9 

920011X28 
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3 

2 

- 

HI 

12 

92()()MX28 

9200MX32 

14 

2 

- 

(1 

39 

15 

9200MX30 

12 

7 

- 

(1 

39 

9200MXb2 

58 
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- 

() 

40 

(MIPS 

82 

1 

1 

(1 

45 

(MIPS 


48 


44 
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;Hgure  9.  fMJX  daisy  chain  coni' igurat ion. 


Allowable  link  loss  computation 

l.lil)  output  ( 1 mwl 

0 dbm 

Receiver  sensitivity  (fixed) 

(-34  dbm) 

34  db 

Link  loss  and  link  imirgin  computation 

l.ink 

I'rom 

To 

MX44 

(MIPS 

MX44 

MX32 

MX32 

(MIPS 

MX32 

MXb2 

(m:ps 

MX3() 

MXb2 

MX3() 

MX3() 

(MIPS 

M\3l) 

MX28 

M\28 

MX20 

MX  20 

MX92 

MXi)2 

MX  21 

MX24 

MX  18 

MX  18 

MX  14 

MXl  1 

MX3} 

MX31 

MX  2 

MX  2 

MXl 

MX  1 

MX  1 1 

Star  Total 

Number  coupler  link  kink 
Number  bulkhead  No.  of  lo.ss  margin 

Y-couplers  connectors  jxjrts  (db)  (db) 


.■\MHX  Subsystan  Impl  ancntat  ion 


The  B'l  AMIIX  subsystem  consists  of  five  I ml)/scv  data  buses,  four  of 
which  are  two  sots  of  reduiukint  pairs.  Two  luis  control leis  having  independent 
functions  operate  the  buses.  In  the  case  of  one  controller  failure,  the 
other  controller  operates  all  buses  in  a degraded  mode,  fhe  fundamental  data 
transfer  requirement  is  similar  to  that  for  tlic  IMIX  subsystem;  each  con- 
troller must  have  two-way  communication  capability  with  every  other  I.RU  on 
a bus. 


hour  fiber  optics  conceptual  designs  were  created  for  j\MlJX  during  the 
li3G\P  study:  new  design  and  retrofit  star  coupler  configuration,  and  new 
design  iLud  retrofit  daisy  chain.  As  indicated  in  the  discussion  of  the  li-0 
interface  adaptation  for  AMIJX,  the  retrofit  v^ersions  of  these  configurations 
require  two  fiber  optic  data  channels  for  each  communication  link;  the  new 
design  v'ersion  requires  only  one. 


Star  Coupler  Configuration.  A conceptual  star  coupler  configuration  for  the 
■AMllX  1 data  hus  in  the  new  design  mode  is  shown  in  figure  10.  This  bus  is 
typical  of  all  buses  in  the  subsystem.  LRU's  4311A1  ajid  4311A5  are  the  bus 
controllers;  LRU's  having  a designator  of  the  form  43111’xx  are  maintenance 
terminations,  growth  provisions,  or  terminations  for  which  the  associated 
LRU  may  be  removed  during  flight.  The  bus  must  be  operable  having  no  LRU 
at  these  terminations.  The  retrofit  mode  would  require  another  set  of  iden- 
tical fiber  optics  components  external  to  the  LRU's,  i'he  operational  concept 
is  identical  to  that  for  IMJX.  A link  analysis  for  this  bus  is  shown  in 
Table  9.  i'he  minimum  projected  link  margin  is  b db. 


Daisy  Chain  Configuration,  figure  11  shows  a conceptual  daisy  chain  configu- 
ration for  the  /UIUX  1 data  bus  in  a new  design  mode,  fhe  link  analysis  for 
this  bus  for  lioth  retrofit  ;md  new  design  modes  is  given  in  fable  10. 


UITS  Subsystem  Implementation 

The  B-1  CITS  subsystem  consists  of  a single  I -mb/ sec  data  bus  having  a 
single  controller.  This' control  let  must  have  tivo-way  communication  with 
every  other  LRU  on  tlie  bus.- 

The  daisy  chain  configuration  was  seUvted  for  Cl  IS  liased  upon  the  sub- 
system having  relatively  few  widely  scattered  LRU's.  Conceptual  designs  were 
nv'ide  in  both  new  design  and  reti'ofit  iiKxles.  fhe  retrofit  version  reiiuircs  two 
fiber  optics  data  cliannels  for  each  communication  link;  the  iuav  ilesign  version 
requires  one.  figure  12  shows  a fiber  optics  design  concept  foi'  the  new 
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Figure  10.  ;\MIJX  star  coupler  configuration. 


9.  LINK  ANALYSIS  I'OR  AMIJX  STAl^  COUPLliR;  NIiW  DiiSIGN  AND  Rin’ROl’lT 


Allowable  link  loss  computation 

LED  output  (3  mw) 

6 dbm 
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68  db 
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55  db 
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loss 
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i. 
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TABLF.  9.  LINK  ,\NAI.YSIS  FOR  AMUX  STAR  COUI’LLR;  NLW  DLSKIN  .AND  RliTROFIT  (CO.NCL) 
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Figure  11.  /\MIJX  daisy  chain  configuration. 


BULKHtMU  CONNECTORS 


Figure  12.  CFI’S  fiber  optics  design  concept. 


T./VBLIi  10.  LINK  ANALYSIS  1-OR  /UIUX  DAISY  QIAIN;  NLW  DliSKlN  /AND  Rin'ROI-IT 

Allowable  link  loss  computation 

I,LD  output  fl  mw)  0 dbm 

Receiver  sensitivity  (fixed)  - (-34  dbm) 
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Link  loss  and  link  margin  computation 
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design  mode.  I.RU  4514  CMI  is  the  bus  controller.  Items  4532,11  through  4535,11 
are  maintenance  test  points.  All  other  hRll’s  may  he  considered  slaves  to  the 
controller.  The  link  analyses  for  both  retrofit  and  new  design  modes  are 
given  in  Table  11. 

Defensive  Subsystem  (Iroup  (DSC) 

General  Description 

The  DSC  is  an  advanced,  automated,  ration  frequency  surveillance  :uid 
electronic  countermeasures  system  IRhS/IOlSl  designed  to  enhance  the  B- 1 
penetration  through  hostile  radar  environments.  Ilie  purpose  of  the  DSG  digital 
bus  .system  is  the  high-speed  transmission  of  data  required  to  assess  the 
electromagnetic  environment  and  control  the  operation  of  the  RFS/h.GMS. 

figure  13  is  a block  diagram  of  tlie  baseline  DSG  digital  data  Ixises. 

A simplified  block  diagram  showing  tlie  buses  inteivonnect  ing  tlie  various 
ec(uipmcnt  hays  is  contained  in  figure  14.  itata  transfer  is  between  42  LRU's 
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imii  11.  LINK  mLYSlS  FOR  CITS;  NF.W  DliSICN  .VNI)  Rin'ROFTT 


Allowable  link  loss  computation 

LliD  output  (1  mw)  0 dbm 

Receiver  sensitivity  (variable)  - (-b5  dbrn) 

63  dbm 

S/N  -13  db 

Allowable  link  loss  50  db 


Link  loss  and  link  margin  computation 


Link 

1 

Number 

Y-couplers 

Niunber 
bul khead 
connectors 

Star 
coupler 
.No.  of 
ports 

■RQ 

Link 
marg  in 
(db) 

Fran 

To 

4614CMI 

4 634 J I 

14 

1 

1 

29 

4614011 

4631A1 

26 

1 

■) 

- 

26 

24 

463 LAI 

4624MX1 

86 

0 

2 

- 

21 

29 

4624MX1 

463SJ1 

11 

1 

1 

- 

21 

29 

4624MX1 

952  lAl 

56 

1 

0 

- 

19 

31 

952  lAl 

4636J1 

36 

1 

1 

- 

22 

28 

952  lAl 

4623MX1 

42 

1 

0 

- 

18 

32 

4636.11 

4623MX1 

66 

1 

1 

- 

23 

27 

4623MX1 

4625MX1 

88 

1 

0 

- 

20 

30 

463bJl 

4625MX1 

151 

1 

1 

- 

26 

24 

463SJ1 

4612AI 

94 

I 

3 

- 

32 

18 

461 2A1 

4633.11 

47 

2 

3 

- 

37 

13 

4634.11 



4633.J1 

36 

2 

■) 

L- 

17 

54 


lABI.l'.  11.  LINK  .\Ny\LYSIS  lOR  CITS;  NliU  DliSlCN  AND  RlimOl  I l (CONCL) 


Total 

Link 

fiber 

From 

To 

length 

(ft) 

4b22MXl 

4bllPLl 

72 

4633JI 

4011PL1 

52 

4bllPLl 

4b21MXl 

32 

4(illPLl 

4032,11 

37 

4021MX1 

4014CM1 

50 

4(i32,Jl 

4()14CM1 

45 

Niunber 


Number 

bulkhead  I No.  of 


Link 

loss 

marg i n 

(db) 

fdb) 

interconnected  by  31  buses.  Ihcrc  arc  bS  conjicctor.s.  The  bus  system  may  be 
broken  down  into  five  main  categories: 


Nimiber  of  buses 
(1 
9 


1.  Bidirectional,  multiple-stub  bus 

2.  Point-to-point  bus 

3.  .Antenna  beam  steering  interface  buses 

a.  ITilsewidth  modulated  analog  data 

b.  Digital  data 

5.  Unidirectional,  mul  t ij-)!  c-stuli  bus 

4.  Status  evaluation  and  test  ISILAT)  buses 


All  digital  transmission  is  via  differential  drivers  IDS  7832)  and  receivers 
(DS  782nA). 

rhe  bidirectional,  mult ijile-stub  bus  carries  the  infonnation  between  a 
ircister  LRU  and  up  to  five  collocated  slaves.  lit  nuiximum  length  of  a cable 
from  a master  LRU  to  the  furthest  slave  of  a collocated  set  is  PO  feet. 

These  buses  are  implemented  for  a parallel  digital  data  transfer  oi>erating  at 
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DSC  bus  system. 


a jx'ak  rate  of  1.25  megawords  per  second,  where  a word  is  defined  as  lo 
parallel  hits.  Additional  command  and  control  hits  are  also  required.  Data 
flow  is  hidirectional  and  is  always  between  a master  and  a slave,  fhere  is  no 
direct  data  flow  between  the  slaves.  The  timing  schematic  lor  a bidirectional, 
multiple-stub  bus  is  shown  in  Figure  15. 

■fhe  point-to-point  buses  are  mostly  unidirectional  buses  between  two 
LRU's.  The  nimiber  of  channels  on  the  buses  varies  from  24  to  48.  fhe  ma.xi- 
mum  length  of  a point-to-point  bus  is  72  feet. 

There  are  six  antenna  beam  steering  interface  buses.  Three  of  these 
buses  carry  .50  pulse-width  modulated  (FlVNl)  analog  signals  each,  and  three 
carry  30  digital  signals  each  between  a master  and  the  transmitting  antenna. 
iTie  maximum  length  of  a connecting  cable  is  45  feet. 

The  unidirectional,  multiple-stub  bus  transmits  the  data  over  five  lines 
between  a master  and  up  to  eight  slaves.  There  are  four  data  lines  each,  and 
one  enable  or  select  line  for  each  slave  LRU.  The  enable  line  is  used  to 
strobe  the  data  lines.  Tlie  peak  rate  is  1.25  mb/sec.  'fhe  maximum  length 
of  a cable  from  a master  to  a slave  is  150  feet. 

SLAT  buses  are  point-to-point  buses  consisting  of  33  lines  each  between 
a driver  and  a transmitter.  They  are  short  (less  than  8 feet)  and  carry 
status  data  in  the  form  of  fast-acting  discretes  rather  than  a true  digital 
format. 

L-0  Interface  Adaptation 

Ibe  B-1  DSG  data  transfer  subsystem  requires  a much  higher  data  transfer 
rate  than  miy  of  the  otiier  subsystems  in  the  study,  ihe  actual  data  flow  rate 
on  .some  buses  is  on  the  order  of  25  to  30  mb/ sec,  and  the  working  data  rate 
of  a serially  multiple.xcd  data  subsystem  would  be  higher,  the  exact  I’atc 
depending  uixni  the  bus,  the  multiplexing  scheme,  ;uid  command/responsc  timing 
requirements,  fhese  data  rates  are  presently  beyond  the  caixibility  of  the 
low-risk  logic  fiunilies  to  implement  in  a pure  serially  multiplexal 
conf igurat ion . 


i'easibility  of  High-Speed  Logic.  A comparison  of  the  ojierational  chai-acter i s- 
tics  of  .several  logic  families  liascxl  on  extensive  discussions  with  suiqd  iers 
and  a rcvic\v'  of  the  literature  is  contained  in  Table  12.  Standard  Scitottky 
or  LUL  both  have  the  specxl  to  serially  imiltiplex  the  DSU  data  Inises,  but  both 
have  higli  LSI  fabrication  risk  and  high  power  con.simipt  ion . Standard  Schottky 
has  tlic  adv.'uitage  of  not  requiring  level  shifters  to  work  with  other  logic 
types . 
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power  dissipation  is  a problem. 
Needs  level  sliit'tcrs  to  work  with 
other  logic  t>pes. 


Of  the  lower  speed  logic  fajiiilies  listed  in  Table  12,  QIOS/SOS  is 
slightly  ntore  attractive  for  the  DSG  than  low-power  Schottky,  and  Iwth  appear 
to  lie  much  better  tlum  standard  fTL.  This  conclusion  is  reached  based  upon 
consideration  of  logic  speed  capability,  power  consumption,  and  technological 
risk. 

Concurrent  with  the  FOCAP  program,  a B-1  study  to  develop  a plan  of 
action  for  implementation  of  fiber  optics  into  the  B-1  DSG  was  conducted  by 
the  B-1  Division.  During  the  course  of  the  study,  the  B-1  DSG  data  buses  and 
a fiber  optics  implementation  concept  were  described  and  fonvarded  to  the 
industry  (Reference  8).  The  industry  was  requested  to  provide  dev'elopment 
and  cost,  along  with  the  design  data,  for  interface  adapter  units.  The 
request  was  fonvarded  to  Harris,  IBM,  Singer,  Bunker-Ramo,  Hughes,  Rockwcll- 
Autonetics  and  HT.  Responses  were  received  from  the  first  five  companies. 
Ihe  proposed  designs  of  the  interface  adapter  luiits  varied  somewhat,  but  all 
suppliers  proposed  to  transmit  the  data  via  a hybrid  of  serial/parallel 
channels,  rather  than  one  single  channel  in  order  to  utilize  low-risk,  low- 
power  logic  families. 

Based  ujwn  the  ckita  in  Table  12  and  in  concurrence  with  those  systems 
houses  who  have  studied  the  DSG  data  transfer  requirements,  high-speed  logic 
families  are  not  being  used  as  a baseline  in  the  FOC.AP  conceptual  designs  for 
the  DSG.  However,  the  use  of  high-speed  logic  is  addressed  in  the  cost 
analysis  phase  of  this  study  to  determine  what  economic  benefits  could  accrue 
from  its  use. 


Interface  Gharacter istics.  The  Iiigh  data  rate  requirements  of  the  DSG  are 
accomjiiodated  in  the  retrofit  concept  using  an  internal  adapter  that  converts 
present  output  parallel  data  into  serial/parallel  data  to  lie  carried  via 
multiple  fiber  optics  channels.  For  tlie  redesign  concept,  tlie  existing 
parallel  multiplexing  circuits  arc  I'cplaccd  by  serial/parallel  multiplexing 
circuitry  tailored  to  the  .specific  bus.  Again,  mult i]ilc-f iber  o]it  ics  channels 
arc  t).7iically  required. 

Based  ujion  an  analysis  of  data  supplied  by  various  systems  liouses  in 
implementing  the  rcxpi i rements  of  Reference  8,  it  was  concluded  tliat  an  inter- 
face adapter  luiit  for  one  bus  would  have  the  following  typical  cliaractcr'st  ics: 

1.  liach  adapter  would  t>qiically  multiplex  tlie  parallel  data  into  thi'ce 
serial  cinmncls.  (bach  channel  0[)cratcs  at  speeds  up  to  2.')  MHz.  ) 

This  implies  that  each  adapter  would  consist  of  three  multiplexers 
and  three  de?iiul t iplexers. 

2.  liach  mill  t i{ilcxer  channel  consists  of  tliree  I.SI  GMGS/S(\S  devices  jilus 
other  components. 


(il 


5.  l-acli  demultiplexer  charnel  consists  of  three  l.Sl  tM)S/.S(XS  devices 
plus  other  components. 

4.  Power  dissipation  of  0..^  mw/gate  at  25  MHz  is  projected. 

The  impact  to  incorporate  the  serial/parallel  multiplexing  scheme  into 
the  average  DSG  LRU  on  a total  system  basis  has  been  estimated  by  a study  of 
system-house  data.  In  the  retrofit  mode,  the  incorporation  of  the  necessary 
modules  will  add  17  cubic  inches  of  volujiie  and  1.7  jx)iinds  of  weight  to  each 
LRU,  and  will  require  a power  input  of  7 watts.  In  the  new  design  mode,  it 
is  estimated  that  there  will  be  no  net  physical  impact  to  the  LRU. 


Fiber  fiptics  Implementation 

bach  bus  in  the  DSU  subsystem  is  almost  unique,  from  a fiber  optics 
implementation  standpoint.  Conceptual  designs  were  made  for  each  bus  in  the 
subsystem  in  star  coupler  and  daisy  chain  general  configurations.  For  simple 
point-to-point  buses,  these  concepts  yield  the  same  design. 

A tyq^ical  fiber  optics  conceptual  design  in  the  daisy  chain  configuration 
for  one  of  the  multiple-stub  buses  is  shoun  in  Figure  lb.  i'liis  bus  reiiuires 
three  channels  oj^erating  at  18  mIVsec  on  each  channel  for  data  transfer.  l.RU 
b730-l  is  the  bus  controller,  and  two-wa\  communication  Iwtween  tlie  nuister 
and  every  otlier  LRU  must  be  established.  A link  analysis  for  tliis  bus  is 
given  in  Table  13. 

A star  coupler  concept  for  the  same  hirs  is  shown  in  I'igure  17.  It  also 
requires  three  parallel  fiber  optic  links  operating  at  18  mlV-'^vc.  A link 
analysis  for  this  bus  is  shovui  in_  Table  14.  The  minimiun  link  margin  shown  in 
Table  14  for  this  bus  is  b db.  I'or  two  similar  luises  in  the  DSC  having  five 
slave  I.RU's  in  place  of  the  four  on  this  bus,  the  minimiun  link  margin  is  5 dli. 


8 -MUX  Subsystem 

'Ihe  low-data  rate  serially  multiplexed  subsystems  (.MIX,  IMIX,  and  ClTSl 
were  investigated  first  in  the  FtXlAP  study  because  of  their  relative  ease  of 
conversion  to  fiber  optics.  All  arc  of  unifonii  Manchester  11  coding,  which  is 
relatively  simple  to  adapt  to  fiber  optics,  liarly  preliminary  weight  esti- 
mates for  the  fiber- optics  versions  of  these  subsystems  showed  no  weight 
advantage.  It  became  apparent  that  in  a onc-for-onc,  fiber-optics  cable  for 
wire  replacement,  there  would  be  no  obvious  advantage  of  fiber  ojitics,  and 
the  subsystem  would  weigh  iixirc. 
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Figure  16.  Typical  HSG  daisy  chain  configuration 


TABI.li  13.  I. INK  .'VNALYSIS  1-OR  DSt;  llAISY  c:iL\IN  CONI- ICURAT ION 


Allowable  link  loss  computation 

LliD  output  (2  mw) 

3 dbm 

Receiver  sensitivity  (variable) 

(-49  dbm) 

52  db 

S/N 

-13  db 

Allowable  link  loss 

39  db 

Link  loss  and  link  margin  computation 

Link 

from 

To 

0730- 1 

0320- 3 

072(1-3 

Ol 50-3 

()  150-3 

0420-3 

0420-3 

0330-3 

(i330-3 

5730-1 

Star  Total 

Niunbcr  coupler  link  I, ink 
Niunbcr  bulkliead  No.  of  lo.ss  margin 

Y-couplors  connectors  ports  (db)  (db) 


6320-3  6150- 


Figurc  17.  Tyi^ical  DSG  star  coupler  configuration. 


T./VBL1-;  14.  l.INK  ;VNAI,YSIS  [-OR  DSC.  Sm  COUPLliR  CONF ICUR-ATION 


Allowable 

link  loss 

computat ion 

I.liD  output  (5  mw) 

7 dbm 

Receiver  sensitivity  (variable) 

(-49  dbm) 

5(1  db 

S/N 

-13  db 

Allowable  link 

■ OSS 

43  db 

Link  loss  and  link 

margin  computation 

Link 

Number 

Y-couplers 

Number 

bulkliead 

connectors 

Star 
coupler 
No.  of 
ports 

Total 

1 ink 
loss 
(db) 

Link 

margin 

(db) 

From 

To 

b730-l 

b320-3 

140 

4 

- 

30 

13 

b.32()-3 

(1420- 3 

28 

2 

- 

4 

37 

(1 

{)330-3 

31 

2 

- 

4 

(1 

0150- 3 

15 

2 

- 

4 

(1 

In  light  of  this  knowledge,  a straight  one-for-one  replacement  of  fibers 
for  wires  in  the  remaining  eight  subsystems  of  the  did  not  seem  worth 

pursuing.  The  benefits  shoun  in  the  DSC  had  accrued  from  the  use  of  fiber 
optics  to  carry  multiplexed  data  through  each  fiber  bundle  at  a rate  higher 
than  possible  with  a single  wire  link.  In  an  attempt  to  take  advantage  of 
the  high  data  rate  capability  of  fiber  optics  for  the  eight  remaining  sub- 
systems, the  8-Ml)X  subsystem  was  conceived. 

I’he  8-Mll\  subsystem  is  a new  subsystem  design  concept  investigated  in 
the  lOGXP  study  in  an  attempt  to  take  advantage  of  multiploxing/fiher-optics 
synergistic  effects.  The  8-MlJX  subsystem  is  the  conceptual  design  of  a 
multiplexed  configuration  for  the  following  subsystems  in  the  B-1  which  are 
not  presently  multiplexed; 

Automatic  flight  control  subsystem 

Structural  mode  control  subsystem 

Manual  flight  control  subsystem 

Mission  ;md  traffic  control 

flight  instruments 

.Navigation  and  radars 

Stores  management  and  weajxjn  delivery 

Crash  recorder 


Mu 1 1 i pi  ex i ng  Concept 

I'he  multiplexing  network  consists  of  two  redundant  control  boxes  (8C0N’1T 
and  8CONT2)  and  nine  data  acquisition  luiits  (or  terminals)  of  two  types 
(8IWU-1  to  SDAUl-y,  8n,\U2-l,  and  81)AU2-2).  In  this  concept,  the  controllers 
and  data  tenuinals  communicate  via  a fiber-optics  data  link;  signals  from  the 
24h  LRU's  of  the  eight  subsystems  are  fed  into  the  data  terminals  via  wire. 

The  data  terminal  acts  as  a signal  processor  and  interface  to  the  liber-optics 
data  bus. 

In  order  to  determine  the  characteristics  of  the  8-NRIX  subsystem,  the 
lumihcr  of  signal  terminations  was  cataloged  by  subsystem  and  aircraft  area.  .\ 
total  of  29  distinct  aircraft  area  partitions  were  used.  The  signal  charac- 
teristics of  each  subsystem  and  the  ninnher  of  terminations  in  each  area  were 
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used  to  estimate  the  number  of  signals  of  various  t>^)es  (discrete,  dc  analog, 
etc)  to  be  handled  by  the  8 -MUX  subsystem  by  area.  'Ilie  8-XRJX  subsystem  was 
then  defined  as  the  best  compromise  to  minimize  the  niunlicr  of  data  temiinal 
t>T)es,  minimize  the  niunber  of  wire  toniiinations  and  lengths,  and  minimize  the 
data  handling  capability  of  each  t\iK'  of  data  terminal. 

The  resulting  8-MllX  subsystem  consists  of  the  two  control  boxes  and  nine 
ilata  terminals  located  as  follows: 


Box 

hoc at  ion 

SCONTl 

Right  central  equipment  bay 

8t:ONT2 

Left  central  equipment  bay 

SDAlJl-l 

Left  forward  equipment  bay 

81)AUl-2 

Right  forward  equipment  bay 

8nAUl-5 

Forw'ard  crevv  compartment 

8nAUl-4 

Right  central  equipment  bay 

SDAUl-S 

Right  central  equipment  bay 

81)AUl-b 

Left  central  equipment  bay 

SDAIJI-? 

Left  central  equipment  hay 

8nAll2-l 

Center  weapons  bay 

81)AU2-2 

Aft  missile  bay 

Ihe  required  signal  h;indling  capability  of  the  data  terminals  is  as 
fol lows: 

Terminal  Signal  type 


Im 

Discrete 

Manchester 

Dc  analog 

Ac  analog 

1 

In])ut/outputs 

15(1 

19 

b 

10 

2 

Input/outputs 

.SO 

22 

17 

b 

The  calculated  bus  data  rate  for  this  subsystem  is  2 inb/sec.  The  analysis 
that  resulted  in  the  2 mb/sec  data  transmission  rate  is  as  follows: 

1.  The  15b  input  discretes  for  typo  I will  bo  packed  into  lb-bit  words, 
resulting  in  10  words. 

2.  The  15b  output  discrete  for  typo  I will  require  10  words. 

3.  The  19  inputs  ;md  19  outputs  for  the  type  1 Manchester  signal 
requires  a total  of  38  words. 

4.  Ihe  analog  signals  for  type  I requires  a total  of  32  words. 

5.  ihe  sum  results  in  90  words. 

b.  In  a similar  maimer,  the  type  II  terminal  was  analyzed  and  a 94  word 
requirement  was  foniiulated. 

7.  ihe  total  luunber  of  words  required  to  service  the  whole  bus  is 


(7)  X (90j  + (2)  (94)  = 818  words 

8.  From  discussions  with  the  Flight  Controls  Gi'oup  and  other  groups 
familiar  with  the  requirements  of  the  eight  subsystems,  it  was 
determined  that  a data  refresh  rate  of  100  times  a second  was 
required.  Thus  (818)  x (100)  = 81,800  words/sec  were  required. 

9.  Using  the  standard  B-1  word  length  of  24  bits  per  word  results  in 
the  following: 

(81,800  words/sec)  x (24  bits/word)  = l,9b3,200  bits/sec 
ihus  a data  rate  of  2 mb/sec  was  calculated. 

ihe  physical  characteristics  of  the  data  tenninals  and  control  boxes  were 
estimated  using  existing  B-1  .XMIIX  converters,  BRIX  DS-  and  DD-type  I.RU's,  fliS 
data  acquisition  units,  and  a foniiula  for  calculating  the  weight  of  the  I.RII 
based  on  F-111  and  B-1  sizing  estimates.  A factor  for  projecting  weiglit 
reduction  due  to  iiKirc  advimced  state-of-the-art  devices,  and  a factor  for 
ac/dc  excitation  were  also  employed.  Using  those  existing  units  as  a base- 
line and  making  proper  modifications,  the  weight  of  ty^)e  I terminal  was 
calculated  to  be  18  pounds  and  type  II  to  be  Ib.b  iioimds.  A 1 0 " uncertainty- 
factor  was  added,  which  resulted  in  20  and  18.5  lbs  for  data  tenninals,  ty]u'  1 
and  II  respectively. 


1 

J 


The  controller  was  estimated  based  on  the  quantity  of  integrated  circuit 
components  required  to  perfoi'iu  the  controller  function.  It  was  estimated  that 
the  controller  requires  tiie  fol  lowing  numl)er  of  chips: 


1. 

Memory: 

16 

2. 

•Address  generation: 

30 

3. 

CoiiDiiand  generation: 

40 

4. 

I/O: 

30 

5. 

Mi  seel laneous : 

20 

■fotal  = l.K)  chips 


Mien  this  is  added  to  the  power  supply,  the  f iber/clectrical  connectors,  and 
a CITS  checkout  card,  the  unit  was  estimated  to  utilize  13  modules  at  0.25 
pound  each  and  a 3.5-poLmd  power  supply.  Adding  0.5  pound  for  the  coimiec- 
tors  will  result  in  a box  tliat  weighs  approximately  7.25  pounds.  The  addi- 
tion of  a lO-percent  uncertainty  factor  results  in  a controller  that  weighs 
8 pounds. 

llie  data  teniiinals  are  very  similar  to  the  B-1  CITS  Data  Acquisition 
Units  {OAID  and  the  flight  Instnmicnt  Signal  Coiivcrtci'  (f’lSC).  The  power 
utilized  by  the  DAU's  and  the  1-ISC's  was  partitioned  to  arrive  at  a power 
figure  for  each  type  of  input/output:  0.08  watt  was  calculated  for  each 
discrete  1/0,  1 watt  for  each  1X1  output,  1.5  watts  for  each  DC  input,  2 watts 
for  each  AC  I/O,  and  2 watts  for  each  serial  digital  I/O.  llie  total  power 
was  then  obtained  by  multiplication  of  each  t\qic  of  I/O  contained  witliin  the 
data  tenninal  by  the  above  factors,  llic  power  for  the  controller  was  like- 
wi.se  extrapolated  from  similar  controllers  used  on  the  B-1.  Tlie  re.sults  are 


as  follows: 

Box 

Weight  (lb) 

Volume  (,in.'^) 

Rower  (watts') 

Control ler 

8 

280 

110 

Hat a tenninal 

- t>'pc  1 20 

560 

156 

I'ata  tenninal 

- t>'pe  2 18.5 

560 

160 

I'he  volume  of  those  LRU's  was  extrapolated  from  data 
I.RU's. 

on  similar  B-1 

The  control 
vehicle.  Because 

boxes  and  data  tenninal: 
of  this,  a daisy  chain 

^ are  disjiersed  througliout  the 
configiirat ion  in  whicli  each  box  con 

tains  an  active  repeater  is  a logical  fiber-optics  implementation  concept. 


'Hus  configuration  suffers  a communication  hrcakdovui  if  any  one  of  the  I.RU's 
or  optical  links  fail.  To  coiuiteract  this  disadv;uitaj>c,  a rediuidant  data  bus 
havuny  two  independent  data  channels  (figure  18)  is  used.  This  configura- 
tion, in  conjunction  with  the  bus  operational  concept,  will  allow  the  bus  to 
operate  even  if  an  l,RU  is  completely  inoperable,  ilie  links  .serving  the  two 
data  channels  are  separately  routed  throughout  the  vehicle. 

The  bus  operational  concept  complements  the  physical  component  redun- 
dancy. ilie  two  control  bo.xes  operate  the  bus.  One  is  designated  the  nuister 
control  imit  ;md  operates  the  bus  luiless  it  fails;  the  .second  control  imit 
monitors  the  bus  and  assumes  control  if  the  master  fails.  The  control  imit 
not  acting  as  a master  always  serves  its  optical  repeater  function  if  possible. 
The  control  units  perform  only  signal  routing  functions;  no  numerical  process- 
ing is  performed.  For  any  unit  in  the  receive  mode,  the  incoming  signals  on 
the  two  buses  are  independently  repeated,  with  the  1,RU  electronically  accept- 
ing the  first  signal  to  arrive.  In  the  transmit  nx)dc,  identical  signals  are 
transmitted  on  both  buses.  As  a further  precaution,  redundant  wire  signals 
will  be  routed  to  separate  data  teminals.  Using  this  concept,  a bus  failure 
would  require  at  least  two  LRU  failures. 


Fiber-Optics  Implementation 

l•■igure  19  shows  the  fiber  optics  buses  for  tiio  8-MUX  .subsystem.  Talile  1 .S 
contains  the  link  analysis  for  the  8-Ml\  fiber-optics  concept. 


.Super-MUX 


fhe  super-MUX  subsystem  is  a conceptual  design  which  expands  the  8-MUX 
concept  to  include  all  data  transfer  subsystems  in  the  FOtiXP  study  e.xcept  for 
the  DSU,  including  the  IMJX,  A^IUX,  CITS,  and  8-MUX  subsystems.  .Super-MUX  is 
a complete  redesign  of  these  .sub.systems , comhining  tlie  controller  functions 
of  each  of  the  subsystems  into  the  controller  fimction  of  super-MUX  and  their 
data  acquisition  ;md  interface  fimction  into  the  same  function  in  super-MUX. 


Multiplexing  Concept 

/'m  analysis  of  each  tvq^e  of  signal  for  each  subsystem  was  made  and 
re.sulted  in  the  following: 

1.  FMUX:  1,921)  discrete  outputs 

4,.S28  liiscrete  iiiimts 
9(1  digital  outputs 
9(i  digital  inputs 
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Figure  18.  Daisy  chain  redundant  concept. 


BULKHEAD 

CONNECTOR 


8CONT2 

8DAU2-2  8DAU2-1  8DAU)-7  CONTROL.  8DAU1- 


T.MMJ;  15.  I.INK  .mMYSlS  I'OH  8 -MIX 

Alloivable  link  los.s  computation 
liiD  output  (1  mw) 

Receiver  sensitivity  (fixed) 

Allowable  link  loss 


I, ink  loss  and  link  margin  computation 


Link 

1 

Total 

fiber 

lengti'. 

(ft) 

Ninber 

Y-couitlers 

Number 

bulkhead 

connectors 

1 “ — 1 

Star 
coupler 
No . of 
jiorts 

1 

Total 

1 ink 
loss 
(db) 

Link 

margin 

(db) 

from 

i’o 

1 

SCONTl 

1 

8nAUl-5 

2 

1 

j 

- 

- 

24 

8DAU1-5  ' 

8I1AU1-7 

16 

1 

I 

- 

20 

8nAlJl-7  ' 

1 

8nAU2-l 

35 

- 

- 

811AU2-1 

i 81)AU2-2 

35 

- 

- 

- 

8DAU2-2 

8CONT2 

75 

- 

- 

- 

8COMI'2 

1 8nAlll-6 

2 

- 

- 

- 

10 

8DAU1-6 

81)AUl-4 

1 

16 

- 

1 

- 

14 

20 

8DAU1-4 

8DAU1-2 

37 

- 

1 

- 

15 

19 

8nAUl-2 

8DAU1-1 

6 

- 

- 

- 

10 

24 

8DAU1-1 

8DAU1-3 

24 

- 

1 

- 

15 

■i 

8DAU1-3 

SCONTl 

33 

- 

2 

- 

19 

■ 

2.  Cli’S:  560  discrete  inputs 

150  discrete  outputs 
600  analog  injuits 
60  digital  outputs 
60  digital  inputs 

.5,  .AMIJX:  51  digital  inputs/outputs 


0 dbm 
- (-54  dbm) 
34  db 


i 
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4.  8-MUX: 


1,152  d i screte  i nputs 
1,152  discrete  outputs 
177  digital  inputs 
177  digital  outjjuts 
7b  dc  analog  inputs 
7b  dc  analog  outputs 
82  ac  analog  inputs 
82  ac  analog  outputs 

Combining  the  aforementioned  and  using  tlie  fomula  and  tcchni(|ues  mentioned 
in  the  8-MIX  subsystem  design,  a system  weight  of  450  pounds  was  calculated.  It 
was  determined,  based  on  the  existing  LRU  locations  and  the  layouts  of  the  B- 1 , 
that  25  of  these  data  acquisition  units  (UAU)  would  be  required.  Thus,  each 
DAU  weighs  18  poimds.  Standai'd  B-1  estimates  for  power  and  volume  were  applied 
to  size  the  DAU's: 

1.  Weight  = 18  pounds 

2.  Power  = 144  watts 

3.  VoliDiie  = 5b()  in.'’ 

For  the  supercomputer,  the  capabilities  and  physical  pai'ameters  of  the 
existing  computers  were  combined  and  a 30-percent  factoi’  was  subtracted  due 
to  comjron  I/O,  packaging,  power  supply,  motherboanl  md  internal  connections, 
and  a single  processor  concept.  Thus,  the  resultant  supercomputer  is  con- 
f i gu red  as  foil ows : 


1. 

Weight 

= lb2  pounds 

2. 

Vo  1 ume 

II 

3. 

Fowe  r 

= 1,253  watts 

Since  this  super-MUX  must  I'oute  data  to  all  existing  LRU's  at  the  projier 
update  rate,  the  bus  transfer  rate  is  estimated  to  lie  7 mb/sec.  The  calcula- 
tion is  2 mb/sec  for  .AMUX,  2 mb/sec  for  liMUX,  I mb/sec  for  CITS,  and  2 mb/sec 
for  8-MUX.  llie  function  of  one  .AMUX  bus  disajipears  in  this  concept. 
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I-  i her  -Opt  i cs  I mp  1 ementat  i on 


A daisy  chain  conceptual  design  and  a star  coupler  conceptual  design  were 
made  for  the  super-MJX  subsystem.  The  super-MJX  daisy  chain  concept  is  iden- 
tical to  that  for  8-MOX,  as  shoivm  in  I'igure  18.  A link  analysis  for  tliis  con- 
cept is  sho\\m  in  Table  16.  In  terms  of  link  margin,  this  iiust  be  considered 
a low-risk  design;  the  worst-case  link  has  a link  margin  of  1.8  db. 

figure  20  shows  a filier-opt ics  data  bus  in  the  star  coupler  configuration 
.system  for  the  .super-MJX  subsystem.  The  sajiie  bus,  sliowing  projectal  equipnent 
locations,  is  di.splayed  in  Figure  21.  The  .super-MJX  .sub.system  w ill  require 
two  such  redundant  buses,  following  the  general  design  concept  of  FMJX,  AMIX, 
and  8-MJX.  A link  analysis  for  this  concept  is  given  in  Table  17. 

livaluation  of  the  link  analysis  given  in  Table  17  reveals  that  this  star 
coupler  configuration  for  .super-MJX  is  somewhat  risky.  The  IT',1)  must  be 
driven  to  a practical  limit  to  achieve  a 5 mw  output.  The  2 db  mininoii  link 
margin  thus  achieved  is  small.  .Xn  alternate  implementation  of  this  same 
configuration  which  has  lower  risk  from  a link  margin  standpoint  is  con- 
sidered in  the  cost  trade-off  phase  of  the  study. 

IVbJGirr  INSTALLATION  SUMMARY  AMI  TCCllNObailCAl.  RISK  ASSF.SSMbNT 

The  purjwse  of  the  studies  performed  in  phase  I of  the  IIXJAP  study  wris  to 
provide  data  for  the  cost  analysis  to  be  performed  in  pba.se  II.  No  final  con- 
clusions or  recommendations  wore  to  be  made.  However,  it  is  instnictive  to 
compare  the  characteristics  of  the  present  wire  .sub.systems  with  a set  of 
possible  fiber  optics  configurations  in  order  to  see  on  a gross  basis  tlie 
changes  that  could  be  inplernontod,  and  to  assess  the  teclmolog ical  risks 
assumed  in  the  fiber-optics  subsystems  designs. 

FIBFR  OPTICS  SUBSYSTFMS  IMPblMPNlATION  IVlHCiri  IMPACT 
Weight  listimation  Methods 


Ilie  basis  for  the  weight  cinmge  deteniiination  was  the  installation 
wiring  block  diagrams  of  the  existing  subsystems  and  the  installation  block 
diagrams  for  the  corresponding  fiber  optics  subsystems.  From  these,  items 
deleted  and  items  added  were  identified,  and  the  net  weight  change  for  the 
conversion  of  signal  from  wire  to  fiber  optic  caiMing  was  estab  1 i siied . Con- 
sistency of  results  was  imintained  by  using  constant  weight  factors  where 
applicable  for  component  weights  of  items  deleted  and  items  added.  Descrip- 
tions of  the  weights  methodology  are  presented  in  this  section. 


I 


76 


Allowable  link  loss  computation 

bi;D  output  (1  mw)  0 dbm 
Receiver  sensitivity  (fixed)  - (-54  dbiii) 
Allowable  link  loss  54  db 


Link  loss  and  link  margin  computation 


Link 

Tota  1 
fiber 
length 
(ft) 

Numbei' 

Y-couplers 

Number 
bul  kliead 

connectors 

Star 
coupler 
No . 0 f 
ports 

1 

Link 

margin 

(db) 

From 

To 

SCONTl 

SDAU9 

5 

10 

24 

SDAIJ9 

SDAU7 

20 

1 

15 

19 

SDAU7 

SDAU3 

12 

1 

14 

20 

SDAU5 

SDAUl 

52 

1 

19 

15 

SDAUl 

SDAU2 

b 

10 

24 

SDAU2 

SDAU4 

2b 

2 

19 

15 

SDAU4 

SDAU6 

14 

1 

14 

20 

SDAU6 

SDAU8 

10 

10 

24 

SDAU8 

SDAUl 0 

22 

1 

15 

19 

SDAIJIO 

SDAUll 

3 

10 

24 

SDAUll 

SDAUl 3 

lb 

1 

14 

20 

SDAUl 3 

SCOMl^ 

3 

10 

24 

SCONTZ 

SDAUl 2 

3 

10 

24 

SDAUl 2 

SDAUl 7 

25 

1 i 

25 

SDAUl 7 

SDAUl 9 

35 

11 

25 
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16.  LINK  AN.M.YSIS  lOR  DAISY  CHAIN  CONI'ICIURATION  (CONT. 


from 

To 

SDAIJH) 

S1)AU21 

SDAU2 I 

SDAU23 

SDAl)23 

SnAU2.S 

SDAII2.S 

SDAIJ24 

SDAIJ24 

SDAU22 

SI)Al)22 

SnAlJ20 

SDAIJ2n 

SDAIJI8 

SDAUI8 

SDAUlb 

SDAIIK) 

SDAIJIS 

SDAU15 

SI)AU14 

SI)AU14 

SI)Al)26 

SI)AU26 

SCOiVlT 

Nujnbcr 

Number  bulklicad  I No.  of 
Y- couplers  connector 


margin 


I-igiirc  20.  Super-MUX  star  coupler  configuration. 


Allowable  link  loss  computation 


l.r.D  output  ( 5 mw) 

Receiver  sensitivity  (variable) 


S/N 


7 dbm 
- (-54  dbm) 
(il  db 
-15  db 


Allowable  link  loss 


48  db 


kink  loss  and  link  margin  computation 


Link 

'I’ota  I 
fiber 
[ length 
(ft) 

I 

N'luiiber 

V- couplers 

Ntmiber 

bulkliead 

connectors 

Star 
coupler 
No . of 
ports 

Total 

1 ink 
loss 
(db) 

r ■ — — 

I, ink 
margin 
(db) 

m 

I 

To 

SCONTl 

SDAU25 

12 

1 

- 

7 

1 

59 

9 

SDAUll 

12 

7 

59 

mm 

SDAU9 

14 

2 

- 

/ 

59 

Hi 

SDAUIO 

14 

1 

1 

L. 

- 

'T 

/ 

59 

9 

SDAUlb 

25 

' 2 

- 

1 

40 

8 

SDAlJy 

18 

2 ' 

1 

1 

45 

5 

SDAU9 

SCONT2 

22 

2 

1 

8 

44 

4 

SDAUIS 

20 

1 

1 

8 

44 

4 

Sl)AUl2 

20 

2 

1 

8 

44 

4 

SDAl)20 

08 

2 

1 

8 

40 

•> 

SDAlJi: 

40 

1 

8 

45 

3 

SDAUU 

1 •) 

■> 

1 

8 

44 

4 

SDAU15 

2 

1 

1 

8 

44 

4 

8l 


8 


44 


4 


Link 

■ 

Number 

Y- couplers 

Number 

bulkhead 

connectors 

From 

To 

SDAU7 

SDAU2 

23 

2 

1 

SDAlIl 

25 

2 

1 

SDAU6 

14 

2 

- 

SDAU8 

7 

~> 

C. 

- 

SDAU3 

14 

1 

1 

SDAU4 

14 

2 

1 

SDAU20 

SDAU2 1 

8 

2 

- 

SDAU22 

8 

7 

- 

SDAU23 

8 

7 

- 

SDAU19 

13 

7 

- 

SDAU25 

45 

2 

- 

SI)AU24 

20 

2 

- 

SDAU18 

13 

2 

Star 
coupler 
No.  of 
ports 

Total 

1 ink 
loss 
(clb) 

Link 

margin 

(db) 

7 

44 

4 

7 

44 

4 

7 

40 

8 

7 

40 

1 

8 

7 

44 

4 

7 

44 

4 

8 

40 

8 

8 

40 

8 

8 

40 

8 

8 

40 

8 

8 

41 

7 

8 

40 

8 

8 

40 

8 

Deletions 


I.RU's.  Three  subsystems  (IMJX,  .AMUX,  and  Super-MJX)  had  LRU's  kIiIcIi  were 
present  In  the  wiring  implementations  removed  in  the  fiber  ojitics  concepts. 

Deleted  LRU's  of  LMJX  tmd  /\MUX  systems  were  terminal  boxes  with  average 
Vveights  of  0.1  pound  each.  Super-MUX  consolidates  all  candidate  subsystems, 
except  DSG,  into  one  multiplexed  subsystem.  Weights  of  LRU's  deleted  as  a 
result  of  this  consolidation  were  obtained  from  existing  equipment  lists.  In 
addition,  a weight  increment  equal  to  15  percent  of  deleted  LRU  weight  is 
I'emoved  to  account  for  environmental  control,  structural,  and  mounting 
provisions. 

Wiring.  Wiring  consists  of  s ignal -carrying  wire,  overbraid  shielding, 
and  LRU  power  supply  wiring,  llie  signal -carrying  wire  for  all  subsystems 
typically  is  a two-conductor,  twisted,  shielded  pair,  except  for  the  DSG, 
which  uses  a wire  bundle  in  a comjnon  shield.  Twisted,  shielded  pair  weighs 
8.7  pounds  per  1,000  feet  of  24-gage  conductor,  and  11.6  pounds  per  1,000  feet 
of  22-gage  conductor,  bach  ground  \vire  is  assimied  to  bo  a 6-incli  piece  of 
24-gage  single-conductor  wire  weigliing  2.3  poimds  per  1,000  feet. 

A deletion  was  made  of  a povvcr  wire  and  a circuit  breaker  for  each  LRU 
that  was  removed  due  to  the  incorporation  of  Super-MUX.  The  power  wires  are 
20-gage  wire  in  a two-conductor  cable,  20  feet  long,  lliis  cable  weighs 
8 pounds  per  1,000  feet.  Circuit  breakers  weigh  an  average  of  0.1  poimd  each. 

Connectors . Two  types  of  wire  connectors  arc  used  on  the  existing  systems. 

They  are  wire-end  connectors  that  attacli  to  the  LRU's,  iind  connectors  that 
route  wire  through  bulkheads. 

■ANIUX,  Il^RlX,  c'uid  CITS  have  no  change  in  the  number  of  wire-end  LRU  con- 
nectors. This  is  because  only  a small  percentage  of  the  wires  through  the 
plugs  were  c;indidates  to  be  removed.  Their  removal  does  not  justify  plug 
changes.  llic  high  percentage  of  DSG  wire  in  an  end  plug  whicli  is  a candidate 
for  removal  reduces  the  required  mmibcr  of  wire-end  LRU  connectors.  Ibis  j 

deletion  is  for  "new  design"  only,  as  it  is  impractical  to  delete  these  | 

connectors  for  "retrofit  design."  Incorporation  of  Super-MIX  and  8-MUX  i 

results  in  an  addition  of  wire-end  LRU  connectors.  The  weight  of  each  wire-  ; 

end  LRU  connector  is  an  average  of  0.163  poiuid. 

Llectrical  bulkhead  connectors  reduction  is  considered  for  new  design 
only.  It  is  impractical  to  change  these  connectors  in  retrofit  designs.  i 

Llectrical  bulkhead  connector  weight  to  he  deleted  was  calculated  by  proper-  r 

tioning  the  weight  of  one  bulkhead  connector  by  a ratio  of  the  niDiilu'r  of 

bulkhead  wire  pene. rations  i'emoved  to  the  number  of  acti\'e  connector  pins.  j 

An  average  bulkhead  connector  of  these  systems  has  128  pins,  of  wliich  IDD  are  1 


considered  active.  A 128-pin  complete  connector  (MS2765()  T 2.S  1*35  P receptacle 
and  HS  274(i7T25  F 55S  plugj  weighs  0.325  pound. 


number  of  bulkhead 

. ^ ,,  penetrations  removed 

C.onnector  weight  deleted  = 0.a25  lb  x ^ 

donduit  and  Overbraid.  Conduit  and  overbraid  quantity  are  reduced  in  the 
new  designs,  ajid  equivalent  lengths  to  be  removed  are  specified  on  the  block 
diagrams  of  the  existing  .systems.  Change  of  the  conduit/overbraid  for  retro- 
fit design  is  impractical.  The  conduit  to  be  deleted  is  an  average  of 
1-1/4  01)  by  0.020- inch  molypermal  lo>'  tubing  which  weiglis  0.093  pound  per  foot, 
llie  overbraid  to  be  deleted  is  an  average  of  3/4- inch-d imeter  jacket  weigliing 
0.1530  pound  per  foot. 


Additions 

IRlI's.  For  tbe  retrofit  systems,  a weight  increment  was  added  to  the  exi.st 
ing  I.RU's  to  account  for  modifications  to  the  internal  circuitry.  The 
incremental  average  weight  per  retrofit  I.Rl)  is  0.45,  0.40,  0.25,  and 
1.70  pounds  for  .Ai'lUX,  IMJX,  C1T.S,  and  DSC,  respectively.  New  design  LRU's 
for  fiber  optics  show  no  weight  increa.se. 

In  both  retrofit  and  new  design,  a 0. 05-pound-per-connector  allowance 
was  made  to  accoiuit  for  the  addition  of  .dlU  fiber  optics  connectors.  The 
number  of  connectors  to  be  added  is  equivalent  to  the  number  of  LRU  fiber 
optics  I.RU/piincl  disconnects  as  shown  on  the  fiber  optics  system  block 
diagrams. 

The  8-MUX  and  .Super-MUX  incorporate  additional  LRU's.  I’he  weights  of 
these  are  as  follows; 


LRU  Weight  (lb) 

8-MUX  data  acquisition  luiits 

I'ype  1 1 8 

IXlie  n lb 

8-MUX  control  luiits  8 

Super -MUX  data  acquisition  luiits  18 

1(<2 


Suix'r-MUX  control  units 


AD-A049  859 
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The  weights  of  these  units  include  LRU/panel  receptacles.  A weight  1 

increment  equal  to  15  percent  of  the  new  LRU  weight  was  added  to  account  for  i ] 

environmental  control,  structu''al , and  mounting  provisions.  I ! 

Wire,  Conduit,  and  Overhraid.  The  same  methodology  and  unit  weights  for  wire, 
conduit,  and  overbraid  were  employed  for  additions  in  the  fiber  optics  subsys- 
tems as  for  deletions  from  the  existing  wiring  subsystems. 

I 

Fiber  Optics  Cable.  The  fiber  optics  cable  used  in  the  FOCAP  study  is  nomi- 
nally Valtec  PC  05-19  Kevlar  reinforced  with  Hytrel  sheathing.  It  weighs  ^ 

7 pounds  per  1,000  feet.  i 


Connectors  and  Couplers.  The  same  weight  and  scaling  factor  assumptions 
were  used  for  the  added  wire  connectors  as  for  the  deleted  hardwire  connectors. 
Fiber  optics  cabling  utilizes  discrete  connectors  at  LRU's  and  bulkheads. 

Fiber  optics  cable  end  connectors  which  attach  to  LRU's  weigh  0.13  pound  per 
connector.  The  number  of  end  connectors  is  specified  on  the  system  block 
diagrams.  The  weight  of  one  complete  20-16P  16  port  fiber  optics  bulkhead 
connector  is  0.26  pound.  Only  12  ports  are  considered  active.  The  total 
weight  of  bulkhead  connectors  in  a fiber  optics  system  is  obtained  by  the 
multiplication  of  single  bulkhead  connector  weight  by  the  ratio  of  the  total 
number  of  bulkhead  penetrations  to  12. 


Fiber  optics  connector  weight  = 0.26  lb  x 


number  of  bulkhead 
penetrations 
12 


Fiber  optics  cable  branching  utilizes  Y-  and  star  couplers.  The  weight 
of  one  Y-coupler  is  0.05  pound,  and  the  weight  of  one  star  coupler  is  0.3  pound. 


Subsystems  Weights 

Weight  suranaries  for  the  systems  evaluated  are  presented  herein.  Dele- 
tions of  candidate  component  weights  of  the  existing  wire  systems  are  given 
in  Table  18.  Weight  additions  for  incorporation  of  the  fiber  optics  arc 
shown  in  Table  19.  Net  weight  sumnaries  for  each  system  and  its  options  arc 
presented  in  Table  20.  The  weights  were  calculated  by  applying  the  methotis 
and  assumptions  previously  described  to  the  systems  physical  parameters  noted 
on  the  installation  study  block  diagrams. 

[he  results  in  Table  20  show  that  typically  there  is  no  substantial 
difference  in  the  weight  change  in  a subsystem  as  a function  of  the  fiber 
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DELETIONS  - EXISTING  CONIPONEN'r  IVEiaiTS  (POUNDS) 


Total  deletions  I 12.5  12.5  10.1  I 10.1  20.6  20.6  17.5  17.5  3.3  2.6  354.4  1,322. 


TABLE  19.  ADDITIONS  - FIBER  OPTICS  COMPONENT  MHanS  (POUNDS) 


ADDITIONS  - FIBER  OPTICS  COMPONENT  IVEIGIITS  (POUNDS)  (CONCL) 


TABLE  20.  NET  WEIOfT  CHANGE  DUE  TO  FIBER  OPTICS  SYSTB1  INSTALLATION  (POUNDS) 


s 


optics  configuration  (daisy-chain  or  star  coupler);  however,  the  new  design 
implementation  is  always  significantly  hotter  than  the  retrofit,  from  a 
weight  standpoint. 


INSTAl.LAirON  COMP-\RISON 


A summary  of  the  installation  features  for  all  subsystems  in  the  RXIAP 
study  for  the  present  wiring  implementation  is  shoivn  in  Table  21.  'Ihe  instal- 
lation features  for  the  fiber  optics  implementation  are  shown  in  Table  22. 

The  detemination  of  the  economic  value  of  fiber  optics  in  these  subsystems 
is  performed  in  the  cost  analysis  phase  of  this  study,  but  the  results  thus 
far  merit  discussion. 


1 MB/SbC  Subsystems 

There  is  no  obvious  overall  savings  that  Tiber  optics  has  for  the  AMIJX, 
l-WUX,  and  CITS  subsystems,  bach  of  these  subsystems  operates  at  1 mb/sec 
data  rate,  and  fiber  optics  implementation  consists  essentially  of  replacement 
of  each  twisted,  shielded  pair  segment  by  a fiber  optics  segment  in  the  new 
design  mode,  and  two  fiber  optics  segments  in  the  retrofit  nK)de  for  ANIJX  and 
CITS. 

None  of  the  total  of  10  configurations  studied  saves  weight.  The  new 
design  IMIX  fiber  optics  configurations  are  essentially  the  same  weight  as 
the  corresponding  wire  im]:-)lcmcntation.  iliis  results  from  the  removal  of  the 
data  link  terminators,  which  serve  as  electrical  bus  taps,  from  the  subsys- 
tem for  the  fiber  optics  configuration.  In  general,  the  new  design  star, 
coupler  fiber  cable  total  weight  is  less  than  that  for  the  corresponding  wire 
implementation,  but  the  required  fiber  optics  couplers  push  the  fiber  optics 
subsystem  weight  above  that  for  the  wire  subsystem.  Ilie  daisy  chain  config- 
urations require  more  fiber  cable  weight  for  both  new  design  and  retrofit  . 
modes  than  do  the  corresjwnding  wire  configurations. 

ITie  number  of  fiber  optics  segments  required  for  each  subsystem  is 
almost  universally  less  than  the  corresponding  number  of  wire  segments.  Tlie 
only  exception  is  the  retrofit  star  coupler  .AMIJX  configuration,  in  which  the 
number  of  segments  is  equal  to  that  of  the  wire  configuration. 

liven  though  these  subsystems  serve  the  entire  aircraft,  their  total  sub- 
system weight  is  small,  the  largest  being  about  20  pounds  in  the  wire  con- 
figuration. The  amount  of  conduit  and  overbraid  allocatable  to  these 
subsystems  is  correspondingly  small.  Their  low  physical  density  precludes 
the  use  of  higher  bandwidth  capabilities  of  fiber  optics  to  lower  total  weight 
on  a subsystem  basis. 


I 


T,\BLK  22.  OITICS  SlJBSYS'l'liMS  DATA 


In  summary,  it  appears  that  for  these  1-miVsec  sulisystems,  fiber  optics 
offers  no  advcmtat;e  of  the  present  wire  inplementation  unless  the  lower  numlier 
of  segments  typically  enployed  becomes  iin  overriding  consideration  in  the  cost 
analysis. 


8 -MIX 


As  was  previously  explained,  8-MUX  was  conceived  in  an  attempt  to  take 
advantage  of  the  high  data  rate  capabilities  of  fiber  optics  to  handle 
signals  not  already  carried  by  IMJX,  /\MUX,  or  CITS.  Ilie  resulting  subsystem 
does  not  look  promising,  oven  making  use  of  a 2 mb/sec  capability  of  the 
fiber  optics,  ilie  aircraft  weight  would  be  increased  by  73  pounds  by  employ- 
meat  of  this  concept.  A total  of  11  new  LRU's  would  be  required.  ITie  total 
number  of  segments  [wire  plus  fiber  optics)  would  be  reduced  by  about  4 per- 
cent, from  about  11,000  to  about  10,600,  and  the  total  data  link  footage 
in  the  subsystems  covered  would  be  reduced  iiy  about  25  percent,  from  57,550 
to  41,550  feet. 


Super-Mix 


The  Super-Mix  concept  combines  the  data  transfer  capabilities  of  I-MIIX, 
AMIX,  CITS,  and  8-MIX.  lliis  is  shown  s)TTi')olically  in  Figures  22  and  23.  I'he 
fiber  optics  Super-MUX  concept  would  replace  36  LRU's  in  the  wire  sulisystems 
by  27  LRU's  in  the  Super-MUX  subsystem,  reducing  the  niuaher  of  LRU's  on  the 
aircraft  by  nine. 

i'able  23  is  a summary  of  the  pertinent  installation  characteristics  of  tlie 
daisy-chain  Sujicr-MUX  subsystem,  showing  the  sources  of  the  potential  weight 
savings.  Hie  largest  weight  savings  comes  from  the  approximately  40  percent 
reduction  in  length  of  wire  used  in  the  subsystem  over  the  corresponding  wire 
configurations.  Note  that  the  corresponding  number  of  segments  is  reduced 
by  less  th;m  20  percent.  Ilie  projected  weight  saving  is  213  pounds. 


TABLE-:  23.  B-1  SUPLiR-MIX  DATA  'FRyAVSMISSION  SYSTF]^!  COMR-IRISON 


Parancter 

Wire 

Fiber  optics 

Potential  weight 
savings  (lb) 

Wire 

Fibers 

No.  of  segments 

12,455 

10,400 

76 

_ 

No.  of  terminations 

24,910 

20,800 

152 

- 

Cable  length  (ft) 

63,150 

37,800 

882 

143 

No.  of  bulkhead  connectors 

13 

2 

3 

Conduit  (ft) 

206 

94 

- 

11 

Overbraid  (ft) 

353 

157 

- 

30 

No.  of  LRU's 

36 

27 

26 

Total  (lb) 

- A I 

213 

Figure  23.  Super-NtJX  fiber  optics  concept. 


Sulist  i tut  ion  ol  filler  optics  in  tlio  DSCi  results  in  an  aj^prcc  iabl  e 
imin'ovement  to  the  data  transmission  sulis\stcm.  Taiilc  24  is  a simmary  of  tiic 
character  ist  ics  of  tlie  1)S(I  in  liotli  tlie  wire  and  proposed  daisy  chain  filler 
optics  conf  inurat  ions.  Hie  segment  count  has  been  reduced  by  94  percent,  fi-om 
7,22.S  wire  segments  to  ?i9n  filler  ojitic  segments.  'Ihe  corresponding  length 
reduction  is  91  iiercent,  from  79,()no  feet  of  wire  to  b,80()  feet  of  fiber  optic 

The  characteristics  of  the  DSll  make  such  savings  feasihle.  The  high 
data  rate  of  the  DSd  requires  cables  of  multiple  wire  pairs  having  common 
paths.  The  high  bandwidth  capability  of  fiber  optics  can  be  utilized  via 
serial  or  hybrid  serial/parallel  multiplexing  to  reduce  the  number  of  data 
link  segments  drastically.  It  should  also  be  pointed  out  that  the  DSCi  is 
a large  data  transmission  system,  incorporating  .il  buses  serving  42  LRU's 
and  weighing  442  pounds;  the  very  size  of  the  system  itself  ju'ovides  the 
potential  for  substantial  weight  gains. 


DSd  Plus  Super-Mix 


The  Super-MUX  concept,  as  described  previously,  serves  11  of  the  12  B-1 
.systems  identified  as  candidates  for  fiber  ojitics  implement  at  ion.  The  12th 
.system  is  the  OSG,  which  was  treated  separately.  Tiber  optics  can  be  accom- 
plished on  the  Super-MUX  and  the  DSG,  cither  independent !)•  or  collectively. 
If  fiber  optics  were  to  be  usc\!  on  the  DSG  and  Super-MUX  collectively,  the 
weight  benefits  would  be  additive.  'Thus,  the  combined  weight  saving  due  to 
fiber  optics  implementation  on  the  H-1  is  projected  to  agial  .S94  pounds. 


TABLT  24.  B-1  DSG  !)AT.\  'IITANSMISS lO.N  SYSTT.M  (XIMPARISOX 


Parameter 

W i re 

Tiber  optics 

Potential  weight 
savings  (lbs) 

No.  of  segments 

■7,22-8 

390 

- 

.No.  of  tenninations 

14,450 

780 

- 

Gable  length  (ft) 

79,b00 

0,800 

299 

Gonncctors  (No.  ) 

Bulkhead 

22 

14 

3 

LRU 

55 

*> 

Gondu it  (ft ) 

220  , 

- 

21 

Gverbraid  (ft) 

.505 

- 

50 

Total  (lb) 

381 

9h 


it.ciinoi,ogk:ai.  risk  assissnolkt 


state-of-the-art  coiniionent  capabilities,  subsystem  operational 
requirements,  and  the  B-1  environment  were  carefully  considered  in  the  con- 
ceptual fiber  optics  data  transfer  sui')systems  for  the  B-1.  As  a result, 
there  is  high  confidence  in  the  tcclinological  feasibility  of  these  designs; 
the  primary  risks  are  in  the  system  development  and  integration.  lixamiiles 
of  areas  where  this  type  of  risk  exists  are: 

1.  lilectronics  adaptations.  The  electronics  adaptations  for  the  DSC 
require  data  rates  (approximately  20  mb/sec)  that  are  pushing  the 
state-of-the-art  capabilities  for  the  CMOS  teclmology  proposed. 

2.  Y- Couplers . No  such  coupler  is  known  to  currently  exist,  although 
T-couplers  have  been  fabricated. 

3.  Temination  loss.  As  previously  mentioned,  a 4 db  temination 

loss  for  a RIFS  fiber  has  not  yet  been  achieved,  but  no  known  insur- 
mountable barrier  exists. 

4.  LliD  aging  and  temperature  effects.  Better  methods  of  predicting 
the  effect  of  aging  and  temperature  on  an  individual  Lhl)  need  to 
be  developed.  Large  variances  within  LTD  types  occur. 

5.  Nuclear  effects.  Before  a fiber  optics  subsystem  is  incorporated 
into  a strategic  aircraft,  the  actual  components  to  be  used  would 
have  to  be  subjected  to  exhaustive  nuclear  testing. 

6.  Cable  vibration  effects.  Long-term  vibration  effects  on  fiber  optics 
cables  need  to  be  evaluated,  especially  in  the  termination  md  cable 
bend  areas . 

In  addition  to  the  risks  previously  mentioned,  it  was  pointed  out  that 
the  DSC  subsystem  could  have  profitably  employed  multiplexing  teclmology  in 
40-50  mb/sec  range,  but  it  was  felt  that  the  LSI  fabrication  risk  and  power 
consumption  for  these  logic  families  having  those  rate  capabilities  is  too 
high  to  use  in  a baseline  concept. 


■1 
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Section  IV 


LIFE  CYCLE  COST  ANALYSIS 


GliNERAL  .yPPROACH 

The  objective  of  phase  II  of  the  FOCAP  was  to  quantitatively  establish 
the  potential  cost  savings  through  implementation  of  fiber  optics  technology 
on  large  military  aircraft.  Ilie  cost  evaluation  consisted  of  (1)  direct 
comparisons  of  those  wire  and  fiber  optics  data  transfer  subsystems  as 
defined  in  phase  I and  (2)  a series  of  sensitivity/trade-off  analyses  to 
identify  cost  drivers,  cost  trends  versus  performance,  and  economic  risks 
associated  with  fiber  optics  applications.  This  section  presents  the  general 
ground  rules  used  in  the  cost  evaluations  along  with  the  set  of  equations 
used  to  make  the  calculations.  The  specific  design  and  cost  data  utilized  to 
compute  the  costs  for  both  wire  and  fiber  optic  configurations  -are  also  pre- 
sented, as  well  as  the  results  of  the  direct  cost  comparisons.  Section  V 
of  this  volume  addresses  the  sensitivity/trade-off  evaluations. 

In  order  to  establish  the  total  cost  impact  of  fiber  optics,  a life 
cycle  cost  (LCC)  analysis  was  performed.  General  cost  categories  included 
in  life  cycle  cost  arc  as  follows; 

1.  Research,  development,  test,  and  evaluation  (RDT^E) 

2.  Acquisition  cost  for  total  production  quantity 

3.  Peacetime  operations  and  support  (05S)  cost  for  a specified 
time-period. 

By  using  EGG  as  the  basis  for  cost  comparisons,  the  total  cost  of  ownership 
(cradle -to -grave)  is  reflected.  For  example,  if  additional  investment  costs 
result  in  lower  annual  operating  costs,  the  1.CC  approach  will  quantify  whether 
such  RPT^E  costs  are  justified  over  the  total  span  of  the  pi'ogram. 

■The  life  cycle  cost  evaluations  for  the  B-1  data  transfer  subsystems 
were  accomplished  as  shown  in  Figure  24.  Gonfiguration  data  such  as  cable 
length,  number  of  segments,  etc,  were  combined  with  associated  cost  factors 
to  determine  the  specific  elements  of  LCC  associated  with  each  desigii.  A 
computerized  LCC  model , the  Data  Transfer  Life  Cycle  Cost  (DTLCC)  model , was 
used  to  perform  these  calculations.  By  comparing  the  total  LCC  of  the  candi- 
date wire  and  fiber  optics  subsystems,  the  minimal  cost  configurations  were 
identified. 

Cost  comparisons  were  made  for  the  B-1  aircraft  system  and  for  a large 
strategic  aircraft  vvhich  could  be  resized  ("rubber"  aircraft)  to  take  full 
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advantage  of  any  weight  savings  resulting  from  fiber  optics  implementation. 

For  the  B-1  cost  evaluations,  the  weight  reduction  of  data  transfer  systems 
was  reflected  as  an  operations  and  support  (0§S)  cost  savings  due  to  reduced 
fuel  consumption  and  tanker  support  requirement.  It  was  assumed  that  weight 
reductions  could  be  incorporated  during  the  conceptual  design  stage  for 
the  large-strategic-aircraft  analysis,  allowing  for  savings  in  the  design/ 
development,  production,  and  overall  operations  and  support  cost  of  the  total 
aircraft  system. 

A variety  of  ground  rules  were  required  in  order  to  make  the  LCC  evalua- 
tions. Among  the  study  ground  rules  were  the  following: 

1.  All  costs  are  for  information  only  and  are  expressed  in  constant  1977 
dollars,  and  do  not  constitute  a firm  commitment.  No  escalation 
and/or  discounting  of  future  costs  are  included  in  the  DTLCC  model. 

2.  RDT^E  costs  for  the  existing  B-1  wire  data  transmission  subsystems 
were  assujiied  "sunk."  That  is,  no  further  development  cost  is 
charged  against  the  wire  configurations. 

3.  Full  B-1  production  (240  aircraft)  was  assumed,  and  it  was  assumed 
that  the  fiber  optics  configurations  could  bo  installed  during  the 
actual  production  program.  Therefore  aircraft  retrofit  and  modifi- 
cation costs  need  not  be  included  in  the  cost  evaluations.  Cost 
factors  which  approximate  B-1  program  values  (e.g.,  labor  rates) 
were  used. 

4.  Peacetime  operations  and  support  (OfjS)  cost  are  computed  for  a 
period  of  10  years,  and  steady-state  operational  conditions  for  the 
current  B-1  deployment  plan  are  assumed. 

NlirniOD  OF  LCC  ESTIMATION 
OVliRVIEW  OF  COST  CATEGORIES 

The  I.CC  analysis  was  designed  to  estimate  those  elements  of  aircraft  life 
cycle  cost  which  are  affected  by  data  transfer  systems,  lliose  items  of  air- 
craft ECC  which  do  not  vary  if  wire  subsystems  were  replaced  by  fiber  optic 
designs  were  treated  as  a const.-int  in  the  cost  evaluations,  llic  specific 
elements  of  ECC  considered  in  the  analyses  arc  listed  in  the  following 
paragraphs. 

RITITiE  Costs 

'Ilic  total  dcsign/developmcnt , test,  and  evaluation  cost  was  computed 
for  each  subsystem  identified  in  phase  I.  It  was  assumed  that  all  costs  for 
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B-1  wire  subsystems  are  "sunk"  costs;  thus,  no  RDT^E  expenditure  is  associated 
with  the  wire  designs.  RDT^li  costs  for  the  candidate  fiber  optic  subsystems 
were  developed  from  vendor  quotes  (when  possible)  and  parametric  estimates. 


Acquisition  Costs 

The  following  categories  of  data  transfer  system  acquisition  cost  were 
treated  for  each  subsystem  (wire  or  fiber  optic) : 

1.  Procurement  cost  of  each  component  identified  in  phase  I 

2.  Direct  and  support  manufacturing  labor  costs 

3.  LRU  modification  costs  for  fiber  optic  adaptation 

4.  Cost  of  added/deleted  LRU's 

5.  Initial  spares  and  operational  support  equipment  (OSE) 

6.  Sustaining  engineering  and  support  costs 

Operations  and  Support  (0§S)  Costs 

The  categories  of  O^S  cost  evaluated  in  FOCAP  are  as  follows: 

1.  Corrective  maintenance  labor  (base,  shop  and  depot) 

2.  Periodic  inspection 

3.  Corrective  maintenance  material  (base,  shop  and  depot) 

4.  Packaging,  handling,  and  transportation 

5.  Recurring  spares  and  operational  support  equipment  (OSE) 

6.  Fuel  and  tanker  support  (determined  by  weight) 

Failure  rates,  repair  times,  and  hardware  costs  arc  key  parameters  affecting 
the  preceding  cost  elements. 
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DKLINEATION  OF  COST- ESTIMATING  EQUATIONS 


General 


An  accounting,  or  "bottoms -up,"  approach  was  used  to  establish  the 
majority  of  subsystem  cost  contributions  to  the  preceding  aircraft  LCC 
categories.  The  rationale  for  using  this  technique  was  two-fold.  First,  the 
level  of  detail  of  design  characteristics  specified  in  phase  I allowed  for 
costs  to  be  accounted  against  specific  components  of  each  subsystem.  Second, 
the  lack  of  historical  cost  data  on  fiber  optics  utilization  on  military 
aircraft  precluded  usage  of  statistically  derived  cost  estimating  relation- 
ships (CER's).  Only  in  a few  cost  elements  were  percentage  factors  used  to 
estimate  the  subsystem  contribution  to  aircraft  LCC.  In  the  majority  of 
cases,  the  costs  were  determined  from  the  specific  quantities,  unit  prices, 
failure  rates,  etc,  of  the  components  identified  as  candidates  for  deletion/ 
additon  as  wire  configurations  were  replaced  by  fiber  optics  designs. 


RDT^E  Costs 

As  mentioned  previously,  RDT^E  cost  estimates  were  manually  derived  for 
each  candidate  fiber  optic  design.  The  general  method  for  making  these  pro- 
jections was  to  derive  an  estimate  on  one  fiber  optic  subsystem  and  use 
extrapolation  for  the  remaining  design  concepts.  Vendor  quotes  for  LRU 
development  costs  were  utilized,  when  available.  The  aggregate  RDT§E  costs 
assigned  to  each  configuration  were  added  to  the  corresponding  totals  for 
acquisition  and  operations  and  support  to  determine  LCC. 


Acquisition  Cost 

Aircraft  acquisition  cost  can  be  defined  as  the  total  cost  of  producing  a 
given  quantity  of  aircraft  (also  known  as  total  flyaway  cost) , plus  the  cost 
of  initial  spares,  OSE,  etc,  required  to  deploy  a fleet  of  aircraft  to  meet 
operational  requirements.  It  does  not  include  the  amortization  of  RDT^E  over 
the  prescribed  production  quantity,  or  the  O^S  costs.  For  the  FOCAP  study, 
flyaway  cost  translated  into  procurement  and  manufacturing  (including  instal- 
lation) costs  for  the  data  transfer  subsystem  components,  along  with  modifica- 
tions to  and  additions/deletions  of  electronic  LRU's  as  a result  of  fiber 
optics  implementation.  (Included  in  these  LRU  costs  arc  the  light-emitting 
diodes,  photodctcctors , etc,  required  for  electro-optical  conversion.)  Both 
direct  and  indirect  costs  arc  considered  in  establishing  flyaway  costs  esti- 
mates. Initial  spares  are  determined  from  the  price,  failure  rate,  and  repair 
turnaround  time  of  the  various  components,  and  initial  OSl-  is  derived  as  a 
percentage  of  the  calculated  flyaway  cost.  Hie  cost  equations  used  to 
determine  acquisition  costs  arc  specified  in  Table  2.S.  llic  numerical  values 
for  the  various  constants  used  in  these  equations  arc  listed  in  subsequent 
parts  of  this  section. 
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TABLE  25,  COST- ESTIMATING  EQUATIONS  FOR  PREDICTING  SUBSYSTEM  ACQUISITION  COSTS  (CONCL) 


derations  and  Support  rolls')  Costs 


i 


L 


1 


The  majority  of  Of,S  cost  catejjorics  utilized  in  IXXAP  were  based  upon 
the  cost  elements  specified  in  Reference  9.  In  addition  to  these  cost  cate- 
gories, specific  costs  associated  with  B-1  operations  fe.g.,  a cost  of 
$118  per  pound  {Tcr  aircraft  due  to  fuel  and  tanker  support!  were  included  in 
the  cost  evaluations.  'ITie  B-1  fuel  cost  factor  was  derived  through  evalua- 
tion of  aircraft  fuel  consumption  as  a function  of  aircraft  weight.  27  flying 
hours  per  month  per  aircraft,  ;ind  a fuel  bum  rate  of  100  lbs  of  fuel  per 
1000  lbs  of  weight  were  assumed.  Ilie  B-1  fuel  cost  factor  equates  to  $40  per 
pound  per  aircraft.  'Ilie  tiuiker  cost  factor  is  also  based  on  the  change  in  B-1 
fuel  consumption  with  weight,  and  consists  of  both  operations  costs  due  to 
changes  in  tanker  flight  hours  as  well  as  ch;mges  in  the  total  tanker  fleet 
size,  including  tankers  on  alert.  An  equal  range  capability  for  the  B-1  alert 
force  is  maintained.  Ilie  tanker  costs  equate  to  $78  per  pound  per  aircraft, 
llie  annual  OljS  cost  equations  are  presented  in  Table  26.  Tliese  equations  | ' 

were  multiplied  by  10  to  deteiinine  the  total  cost  over  10  years  of  steady- 
state  operations  for  the  B-1  fleet. 

"RUBBER" -AIRCRAFT  LCC  .ANAI.YSIS 

y 

Approach 


The  rubber- aircraft  approach  involved  the  extrapolation  of  B-1  results 
to  a large  strategic  aircraft  (LSA) . Weight  savings  due  to  fiber  optics  have 
a cascading  effect  on  the  LSA  analysis,  with  the  physical  size  and  propulsion 
requirements  of  the  aircraft  being  adjusted  as  a result  of  electrical  system 
weight  changes.  Since  these  system-level  parameters  influence  total  aircraft 
design/development , acquisition,  and  fleet  operations  and  support  costs,  the 
cost  benefit  of  fiber  optics  is  greater  for  the  nibber  aircraft. 

'fhis  study  utilized  vehicle  synthesis  and  parametric  LCC  estimating 
models  which  were  developed  for  conceptual  design  studies.  These  computer 
programs  are  based  on  the  size,  weight,  material  mix,  and  pcrfomance  cliar- 
acteristics  of  the  aircraft  in  question.  iTie  costs  generated  in  this  exercise 
were  system- level  LCC,  and  were  combined  with  discrete  cost  deltas  from  the 
B-1  evaluations  to  establish  the  total  potential  cost  advantage  of  fiber 
optics  for  a rubber  aircraft.  It  must  be  emphasized,  however,  that  this  cost 
savings  could  only  be  realized  if  fiber  optics  were  incoiq^oratcd  at  the 
conceptual  design  stage  of  a large-strategic-aircraft  development  prograjii. 

In  this  analysis,  the  cascading  effect  of  avionic/electrical  system 
weight  reductions  is  emphasized  by  allowing  the  aircraft  to  "shrink"  as  the 
dead  weight  is  decrea.sod.  ITie  objective  was  to  establish  the  LCC  payoff  per 
pound  of  data  transfer  s/stem  weight  removed.  Ihis  dol lar-pcr-pound  value  is 
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then  applied  to  the  discrete  weight  deltas  identified  in  phase  I to  demonstrate 
the  LCC  savings  which  may  be  anticipated  if  fiber  optics  technology  were  incor- 
porated at  the  conceptual  design  stage  for  a large  strategic  aircraft. 

To  perform  such  a theoretical  exei'cise  requires  the  following  sequence 
of  steps: 

1.  A baseline  aircraft  configuration  must  be  defined  in  sufficient 
detail  to  allow  for  realistic  cost  assessment  of  changes  in  airframe 
and  propulsion  system  weights  and  geometry. 

2.  A set  of  ground  rules  constraining  the  "rubberization"  of  the 
configuration  must  be  established.  The  choice  of  such  ground 
rules  can  have  a major  effect  on  the  magnitude  of  weight  cascading. 

3.  Parametric  analyses  must  be  performed  to  compute  the  changes  in 
weight,  geometry,  and  performance  as  a function  of  reductions  in 
data  transfer  system  weight.  Concurrent  life  cycle  cost  calculations 
are  made  on  the  rubberized  aircraft  to  establish  the  total  cost 
impact  of  fiber  optic  weight  savings. 


4.  'fhese  cost  results  are  combined  with  the  discrete  cost  deltas  from 
the  B-1  LCC  evaluations  to  obtain  the  theoretical  potential  LCC 
savings  of  fiber  optics  in  large  strategic  aircraft. 

Description  of  Analytical  Tools 

The  rubber- aircraft  dollars -per-pound  evaluation  was  accomplished  using 
computer  programs  to  perform  both  vehicle  synthesis  and  LCC  calculations.  The 
Vehicle  Sizing  and  Performance  Evaluation  Program  (VS/PEP)  was  used  to  assess 
the  cascading  of  weight  savings  to  the  total  aircraft  configuration.  This 
model  mathematically  evaluates  conceptual  aircraft  designs  with  respect  to 
prescribed  mission  profiles.  It  is  an  analytical  tool  for  "resizing"  base- 
point  configurations  to  reflect  the  range  and  payload  requirements  for  a 
mission,  llie  model  serves  as  a means  for  performing  trade  studies  on  design 
parameters  (e.g.,  wingloading/dead  weight)  for  configurations  of  interest. 


Parametric  cost  estimating  models  were  utilized  to  translate  the 
aircraft  configuration  changes  due  to  weight  savings  into  life  cycle  cost 
savings.  'Fhe  first  computer  program,  the  RDT^E  cost  model,  was  used  to  esti- 
mate total  research  and  development  costs.  It  is  characterized  by  its  work 
breakdown  structure  (WBS)  cost  format,  and  its  sensitivity  to  a wide  range 
of  cost- influencing  factors.  The  Production  Cost  Ntodel  (PCM)  was  used  to 
calculate  aircraft  production  costs.  ITiis  cost  model  also  estimates  cost 
in  a standardized  WBS  format,  and  is  sensitive  to  such  design  variables  as 


weight,  airframe  material  mix,  performance  critiera,  ;ind  production  rate. 
Operations  and  support  (05S)  costs  were  estimated  by  the  FCOST  life  cycle 


T.'VBIJ;  26.  COS'r-iiSTIMVriNC  liQtJATIONS  l-OR  Sl)BSVS'l'l]^l  OfJS  COSTS  fCONCLj 


cost  nKxlel,  using  statistically  ck'rived  equations  to  iireclict  such  cost  factors 
as  maintenance  man-hours  per  flight-hour  (^Mll/l■^l)  and  replenishment  spares. 
Documentation  on  the  td'R's  for  RD'lTd',  DOI,  and  I'COST  models  is  contained  in 
References  10,  11,  and  12,  respect ivel\'. 

functional  relat  ionsliips  for  t>pical  CliR's  in  the  three  cost  models  are 
shoMi  below. 

RDftili 

fuselage  lingineering  DesigTi  (lost  = f (l)\Tiamic  iiressure,  wetted  area, 

aircraft  length,  gross  weight,  and 
labor  rate) 

I’CM 

fuselage  M^inufacturing  Labor  (lost  = f (fuselage  weight,  material  ;uid  con- 
struction t>T)c(s),  and  labor  rate) 

f(10S"f 

Recurring  Spares  = f (ftich  nimiher,  gross  weight,  aircraft 

t>pe) 

Results  of  "Ruhhcr"-Aircraft  analysis 

Table  27  represents  a weight  simimary  sheet  for  a large  strategic  aircraft 
.showing  the  relation.ship  bet^veen  takeoff  gross  weight  and  the  reduction  of 
avionic/electrical  system  weight  as  derived  by  VS/PfP.  Ibis  weight  .simmiaiy 
assumes  a constiint  thrust -to -weight  ratio  and  a constant  wingloading  (i.c., 
ratio  of  takeoff  gross  weight  to  wing  area).  Ibus,  the  aircraft  maintains  a 
constant  flight  envelope  perfonnance.  figure  2.S  depicts  the  variation  in 
aircraft  growth  factor  as  derived  from  Table  27,  where  growth  factor  is 
defined  as  the  clumge  in  takeoff  gross  weight  divided  by  the  change  in 
avionics  weight. 

Ibc  LCC  savings  for  production  aircraft  per  poind  of  avionics/electrical 
system  weight  reduction  was  computed  to  be  $1,127  per  poimd  (1977  dollars). 

Ibis  aggregate  dol  lars-per-jxiinid  value  rcprc.scnts  the  .simi  of  dollars-per- 
pound  factors  for  the  various  categories  which  comprise  life  cycle  cost.  Table 
28  presents  a breakdowii  of  the  $1 ,127-per-pound  factor.  Ibese  values  were 
com{ruted  by  dividing  tlie  change  in  cost  between  two  configurations  of  different 
avionic/electrical  system  weights  (as  calculated  in  the  three  cost  models)  by 
the  corresponding  weight  differential.  y\s  the  table  indicates,  flyaway  cost 
delta  per  poimd  of  avionic/electrical  system  weight  reduction  accounts  for 
about  40  percent  of  the  total  L(X)  saving. 
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TABLIi  27.  WilCHT  SUMMARY* 


Avionics  Weight  Qiange 


Aircraft  Weight  Category 

Baseline 

-300  lb 

-600  lb 

-1,000  lb 

Structure 

(98,182) 

(97,753) 

(97,335) 

(96,788) 

Wing 

39,783 

39,610 

39,440 

39,218 

Tail  - horizontal 

5,224 

5,201 

5,180 

5,150 

- vertical 

1,773 

1,765 

1,758 

1,748 

Body 

26,358 

26,243 

26,130 

25,984 

Alighting  gear  - main 

12,490 

12,436 

12,383 

12,313 

- auxiliary 

1,802 

1,794 

1,786 

1,776 

engine  section  or  nacelle 

6,144 

6,117 

6,051 

6,057 

Air  induction  system 

4,312 

4,293 

4,275 

4,251 

SMCF 

99 

99 

98 

98 

Ijnp  fairing 

196 

195 

194 

193 

Propulsion 

(20,632) 

(20,539) 

(20,448) 

(20,330) 

engine  (as  installed) 

17,212 

17,134 

17,058 

16,960 

Accessory  gearboxes  drives 
exhaust  system 

715 

712 

705 

Cooling  § drain  provisions 
engine  controls 

20 

20 

20 

20 

Starting  system 

180 

179 

178 

177 

Fuel  system 

Pan  (as  installed) 

Hot -gas  duct  system 

2,505 

2,494 

2,483 

2,468 

equipment 

(26,203) 

(25,878) 

(25,554) 

(25,138) 

Plight  controls 

3,563 

3,552 

3,545 

3,536 

Auxiliary  powerjilant 

440 

440 

440 

440 

Instruments 

815 

815 

815 

815 

H>'draulic  5 pneumatic 

1,795 

1 , 790 

1,784 

1,781 

electrical 

3,085 

3,076 

3,065 

3,061 

Avionics 

7,223 

6,923 

6,623 

6,223 

Armament 

1,945 

1 ,945 

1,945 

1,945 

Pumishings  and  equipment 

3,017 

3,017 

3,017 

3,017 

Air  conditioning 

Anti- icing 

4,180 

4,180 

4,180 

4,180 

[Photographic 

I,oad  fj  handling 

45 

45 

45 

45 

Auxiliary  gear 

95 

95 

95 

95 
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27.  M'lGiri'  SlJMM/\PvY*  fCONCL) 


Avionics  Weight  Cliange 

Aircraft  Weight  Category 

Basel ine 

-500  Ih 

-600  Ih 

-1,000  lb 

Total  weight  empty 

145,017 

144,170 

145,557 

142,256 

(irew 

860 

860 

860 

860 

Fiiel  - unusable 

705 

701 

697 

695 

fuel  - usable 

159,118 

158,281 

157,455 

156,585 

Oil  - engine 

Passengers/cargo 

580 

578 

576 

575 

Annament  - luunchers 

3,240 

5,240 

5,240 

5,240 

- missiles 

50,000 

50,000 

50,000 

50,000 

Piquipment 

180 

180 

180 

180 

LN^ 

500 

500 

500 

500 

Total  useful  load 

214,985 

214,140 

00 

212,229 

Takeoff  gx’oss  weight 

560. 000 

558,510 

556,645 

554,485 

*Constant  thrust -to-weight  fT/W)  ratio  and  constant  wingloading  assimied. 

GROWTH  FACTOR 


ni;scRiP'i’iON  oi-  data  rMNSi-iiR  i.ii-i:  c;yc;li-:  axsr  nk)1)i;i. 


In  order  to  expedite  the  1-'0C'.\P  cost  evaluations,  a computerized  life 
cycle  cost  model  was  utilized.  This  program,  the  Data  Transfer  Life  Cycle 
Cost  (ITl'LCC)  model,  evaluates  the  various  categories  of  LCC;  as  discussed  pre- 
viously, thus  allowing  for  cost  evaluations  as  a fiuiction  of  subsystem  design 
characteristics  and  their  associated  cost  factors.  Due  to  the  level  of 
detail  of  inputs,  the  model  is  also  useful  for  sensitivity  analysis  and  major 
cost  drivers  identification.  The  irodel  calculates  the  LCC  of  a fixed-size 
aircraft  and,  as  aii  option,  the  change  in  LCC  of  a large  strategic  aircraft 
that  is  allowed  to  "shrink"  as  the  weight  of  the  data  transfer  subsystem  is 
reduced  [rubber  aircraft). 

Tlie  first  step  in  calculating  life  cycle  costs  is  to  define  each  of  the 
candidate  data  transfer  subsystems  in  terms  of  design  parameters,  lliis  in- 
cludes the  length  and  segment  coimt  of  each  type  of  wire  or  cable;  the  nimiher 
of  line  replaceable  unit  (LRU's)  being  modified,  added,  or  deleted;  and  the 
number  of  miscellaneous  components  in  the  candidate  subsystem.  Manufacturing, 
procurement,  reliability,  and  maintainability  factors  must  then  be  collected 
for  each  item  of  design  infonnation.  All  of  these  factors  then  arc  used  as 
inputs  to  the  model,  and  the  program  calculates  the  life  cycle  cost  contribu- 
tion of  each  subsystem.  It  then  adds  the  cost  contributions  of  all  candidate 
subsystems  and  combines  tliesc  with  the  costs  unaffected  by  the  data  trajisfcr 
subsystems  tc  determine  the  total  aircraft  life  cycle  cost.  Figure  2b  pro- 
vides an  overview  of  the  DTLCC  model  opc2-ation. 

llie  DTLtX)  model  output  displays  the  life  cycle  cost  bi'eakdown  in  teniis 
of  RDTfiF,  acquisition,  and  0§S  for  10  years  of  steady-state  operations.  A 
sample  of  this  output  is  shovvn  in  Figure  27.  In  addition,  the  model  has 
several  other  pages  of  output  of  increasing  detail,  in  order  to  provide  a 
specific  breakdovvn  of  life  cycle  cost  categories. 

Further  details  on  the  DTLCC  model  can  be  obtained  in  Reference  l.i. 


DATA  COLLl-CTION 

ITie  set  of  cost-estimating  equations  discussed  pi'eviously  utilize  a 
variety  of  design  and  cost  data  as  input  pai'ametei's.  A major  task  of  FCXiAP 
was  to  assemble  this  information  for  use  on  the  LCC  evaluations  and  the 
sensitivity/tradeoff  mialyses.  Configui'at ion  data  for  the  various  subsystem 
designs  were  extracted  fi'om  phase  I results,  and  the  remaining  information 
was  obtained  from  Covernment  publications,  vendor  (luotes , and  pai'ametric 
estimates.  Rejiresentat  i ve  values  wei'e  assigned  to  general  cost  factors  such 
as  labor  rates  and  overhead  expense  percentage.  'Hie  following  paragi'aphs 
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Jocianent  the  input  data  used  in  the  study.  All  costs  arc  expressed  in  1977 
dollars  and  are  based  on  ju'ocurement  quantities  consistent  with  the  full  H-1 
production  plan  (^240  aircraft). 


Subsystem  Description  Data 

ilie  following  configuration  data  items  were  required  for  each  wire  or 
fiber  optic  subsystem: 

1.  hength  of  cable  fby  type) 

2.  Number  of  cable  segments 

3.  hength  of  conduit 

4.  Length  of  overbraid 

5.  Number  of  bulkhead  and  end  connectors 

b.  Number  of  couplers  of  each  t>q)o 

7.  Quantity  and  weight  of  modified,  added,  or  deleted  LRU's 

8.  Subsystem  weiglit 

Section  III  of  this  report  provides  the  numerical  values  for  these 
data  by  subsystem.  Note  that  for  the  wire  configurations,  the  quantities  ;ind 
weights  represent  only  tliose  hardware  items  which  can  be  deleted  by  conversion 
to  fiber  optic  data  transmission.  The  corresponding  infomation  on  the  fiber 
optic  designs  represents  those  comjionents  which  replace  the  deleted  wire 
conponents . 

RDT^H  Costs 

Ilie  RDT^li  costs  for  each  data  transmission  subsystem  included  the 
following  tasks:  (1)  design  of  optoelectronic  interfaces  to  present  LRU's, 

(2)  modification  of  LRU's  to  accept  these  interfaces,  (3)  subsystem  installa- 
tion, including  routing,  (4)  testing,  (5)  and  a host  of  smaller  tasks  necessary 
to  integrate  a subsystem  into  a complex  weapon  system  like  the  B-1. 

Present  B-1  Systems 

ITie  method  of  estimating  the  RDTlih  cost  varied,  depending  upon  whether 
the  subsystem  is  presently  on  the  B-1  (DSU,  IMIX,  .VNIUX,  or  CITS)  or  is  a 
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conplctcly  new  subsystem  concept  (8-MllX  or  Super-MUX),  bor  the  subsystems 
already  on  the  B-1,  it  was  assiuned  that  the  interface  electronics  for  a sub- 
system would  be  designed  by  a single  supplier  and  that  these  electronics  would 
be  integrated  into  each  I,Rl)  by  the  l.RU  manufacturer.  Rockwell  would  install 
the  I.RlJ's  and  conplementary  fiber  optics  links  aboard  the  B-1  and  test  the 
integrated  subsystem.  The  cost  of  development  of  the  interface  electronics 
vv’as  derived  from  specific  industry  queries  (c.g.  , DStl) , experience  with  simi- 
lar tvpes  of  interface  modules  on  the  B-1  (e.g.,  ;\MIJX  multiplex  interface 
module),  :md  comparison  of  electronic  interface  complexity,  lypically,  it  is 
estimated  that  the  development  of  the  interface  electronics  will  cost 
$b00,000  to  $900,000,  depending  on  the  subsystem.  This  cost  is  only  slightly 
dependent  upon  whether  tlie  electronics  are  designed  for  retrofit  oi'  new 
design  application. 


Inquiries  iiuide  to  the  manufacturers  of  I.RU's  revealed  a wide  range  of 
costs  projected  to  modify  an  existing  LRU,  depending  on  the  amoimt  of  space 
av^ailable  in  the  present  LRU,  the  uniqueness  of  the  I.RU,  etc.  Costs  ranged 
from  $50,000  to  $130,000  for  a retrofit,  and  from  $50,000  to  $170,000  for  a 
modification  to  an  LRU  incorporating  a new  design.  The  total  RUTlili  costs 
associated  with  the  modification  of  the  LRU,  including  development  of  the 
interface  electronics  and  incorporation  of  the  electronics  in  tlie  subsystems 
LRU's,  are  shovvn  in  Table  29. 

In  order  to  estimate  the  effort  required  to  install  modified  I.RU's  and 
the  fiber  optics  aboard  the  B-1  and  to  test  the  integrated  subsystems,  a 
detailed  analysis  was  made  of  the  DSC,  and  the  results  wei'e  extrapolated  to 
the  other  subsystems  according  to  their  relative  complexities.  tVer  20  sepa- 
rate engineering  functions  were  identified  as  having  tasks  to  perfonii  to  put 
a fiber  optics  IXSC  aboard  the  B-1.  The  task  descriptions  and  man-liours  arc 
available  in  Reference  14.  Tor  the  DSC  daisy  chain  configuration,  a total  of 
48,900  man-hours  arc  required  for  the  retrofit  coilccpt,  and  47,000  hours  for 
the  new  design  concept.  These  engineering  man-hours  and  those  cxti'apolatcd  for 
the  other  present  subsystems  arc  shovvn  in  Table  29. 

Also  shovvn  in  Tabic  29  arc  the  total  RDTliT  costs  for  these  subsystems. 

Ihe  total  costs  are  the  sum  of  the  LRU  modification  costs  and  the  B-1  m;ui-liour 
costs. 


New  Tiber  Optics  Subsystems 

Ihe  8-MUX  jmd  Super-MUX  subsystems  arc  conplctcly  new  concepts.  Ihcy 
would  require  conplete  subsystem  design,  including  the  computer  design  and 
software  development.  Ihe  RDTfd'.  costs  associated  with  these  subsystems  are 
shown  in  Table  30.  The  subsystem  hardware  and  software  costs  were  derived 
by  comjiaring  these  subsystems  vvith  the  siux?  t>T)c  of  subsystems  already  on  the 
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29.  RDT^n  costs;  PRKSENT  B-1  SUl^SYS'niMS  (1977  IXII.IARS) 


Subsystem 

I,RII 

modification 

f$l,00()'s) 

IM 

man-hours 
f 1,000's) 

Total 

cost 

($l,000's) 

as(; 

! 

Star  coupler 

Retrofit 

65 

5,000 

New  design 

3,300 

64 

5,400 

Daisy  chain 

» 

Retrofit 

2,900 

49 

4,600 

Nevv  design 

3,300 

48 

5,100 

iMJX 

1 

Star  coupler 

/ 

Retrofit 

900 

31 

1,800 

New  design 

1,200 

28 

2,000 

Daisy  chain 

Retrofit 

900 

26 

1,600 

New  design 

1,200 

25 

AMIJX 

Star  coupler 

j 

Retrofit 

2,800 

45 

4 , 500 

New  design 

2,900 

35 

Daisy  chain 

Retrofit 

2,800 

38 

4,300 

New  design 

2,900 

32 

4,300 

CITS 

Retrofit 

1,500 

15 

2,200 

New  design 

1,700 

12 



2,400 

1 

■ 1 
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TABU^  30.  COSTS  - NI-W  FIBER  OPTICS  SUBSYSlliMS  (1977  IX)LlARSj 


Super-MUX 

Item 

8-MlJX 

llardv\’are  development*-^^ 

Computer 

Data  acquisition  units 

$2,000K 

$1,000K 

$10,000K 
$ 1,000K 

$10,000K 
$ 1,000K 

Soft\\rare  development 

Man-hours 

Data  processing 

Included  in 
engrg  hr 
Smal  1 

417. 6K 
$ 718K 

417. 6K 
$ 718K 

Engineering  man-hours 

134. 5K 

230. 6K 

228. 3K 

Total  costs 

$6,690K 

$28,860K 

$28,800K 

Vendor  estimates 

(21 

Rockwell  estimates 


i: 

I 

u 

i I 


H 


I * 
1 

\ 


ii 


j 
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B-1  (CITS,  IMJX,  and  .MIX),  and  extrapolating  those  costs,  taking  into  account 
adv:inccs  in  computer  technology  since  the  subsystems  were  designed.  Similarly, 
the  engineering  man-hours  estimates  were  based  upon  B-1  experience  with  IMJX, 
.■\MLJX,  and  CITS. 


Unit  Cost  for  Wire  Subsystem  Components 

Phase  I identifieu  a set  of  four  component  types  (e.xcluding  LRU's)  which 
are  associated  with  B-1  wire  data  transfer  subsystems,  estimates  of  the  aver- 
age unit  cost  of  these  conponents  for  the  B-1  production  program  follow,  llie 
V'alues  do  not  include  material  procurement  cost  (MPC) , general  and  administra- 
tive cost  (G^A) , or  fee. 

1.  Wire  (per  foot) 

22-gage  (average)  $ 0.38  per  foot 

24-gage  $ 0.33  per  foot 


2. 

Bulkhead  connectors  (each) 

Receptacle 

$ 55.00 

Plug 

90.00 

Backs he 11 

12.00 

Total 

$157.00 

3. 

Overbraid  (per  foot) 

$ 1.25 

4. 

Conduit  (per  foot) 

$ 8.60 

5. 

Hnd  connectors  (each) 

$102.00 

Unit  Cost  for  Fiber  Optic  Subsystem  Components 


Phase  I activities  included  the  selection  of  fiber  optic  subsystem 
components  which  have  physical  properties  consistent  with  B-1  weapon  system 
specifications.  A variety  of  fibe*-  optic  conponent  suppliers  were  contacted 
to  ascertain  cost  estimates  for  these  items.  Ilie  paragraphs  that  follow 
summarize  the  cost  data  collected.  Ilie  costs  do  not  include  MP(J,  CTiA,  or  fee. 


Fiber  Cables 


A unit  cost  estimated  for  seven-  and  19-fiber  plastic-clad,  fused  silica 
core  (PCFS)  fiber  optic  cable  was  obtained.  Rockavell  requested  that  the  cable 
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have  a 35-pound  tensile  strenj>th  and  tliat  the  cable  be  tested  to  the  B-1 
environmental  conditions.  The  unit  costs  for  the  seven-  and  19-fiber  PCFS 
cable  as  obtained  from  a vendor  are  shown  in  i-’igure  28.  In  addition,  the 
development  cost  is  estimated  to  be  approximately  $51,000  for  the  seven- 
fiber  cable,  and  $60,000  fov  the  19-fiber  cable.  The  19-fiber  cable  was  used 
in  the  TOCAP  study,  and  a value  of  $2  per  foot  was  established  from  these  data 
for  input  to  the  DTLCC  model.  Sensitivity  analyses  were  made  over  the  range 
of  costs  displayed  to  determine  the  impact  of  fiber  cable  prices  on  LCC. 


Optical  Couplers 

The  following  price  estimates  for  nine-port  star  couplers  were  receiv'ed 
from  a vendor: 


Quantity 

100 

1,000 

10,000 


Unit  Price 

$408 

245 

150 


The  value  selected  for  the  cost  evaluations  was  $200  per  star  coupler. 
A similar  cost  assessment  for  Y-couplers  resulted  in  an  average  unit  cost 
of  $65. 


Connectors 

Cost  estimates  for  two  matrix  parts  of  a fiber  optic  cable  bulkhead  con- 
nector for  six-,  12- , and  16-pin  connectors  as  obtained  from  a vendor  are: 


(Quantity  (units) 

6 Pins 

12  Pins 

16  Pins 

1,000 

$41.00 

$62.00 

$76.00 

2,500 

40.00 

60. 76 

74.48 

5,000 

39.00 

59.94 

73.00 

10,000 

38.59 

58.35 

71.53 

25,000 

37.82 

57.78 

70.10 

The  value  chosen  for  bulkhead  connectors  was  $73  each  (16  pins),  bnd  connectors 
at  LRU's  were  assumed  to  be  $36.50  each  (16  pins). 
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Direct  Nkuiufactui'inj>  Hours 


Direct  immufactur ing  hours  were  developed  for  those  tasks  diii.  tly 
associated  with  component  preparation  and  installation  for  wire  and  fihei' 
optic  subsystems.  For  wire  subsystems,  the  components  considered  were  cables 
(including  overbraidj,  conduits,  and  bulkhead  connectors.  For  fiber  optics 
subsystems,  the  components  considered  were  cable,  bulkhead  connectoi's,  LRU 
installation  and  checkout,  and  optical  couplers.  The  approach  was  to  estab- 
lish man-hour  standards  for  the  first  production  aircraft  (i.e.,  values) 
and  to  extrapolate  these  values  on  appropriate  learning  curv'es  to  compute 
average  nuui-hours  per  task  for  the  full  B-1  production  program. 

Cable  Preparation  and  Installation 

The  manufacturing  effort  associated  with  cable  preparation  and  instal-  ^ 

lation  on  an  aircraft  is  dependent  upon  the  nimiber  of  cable  segments  and  is 
alw’ays  computed  as  the  product  of  the  number  of  segments  and  the  man-hours 
per  segment.  Historical  data  on  the  B-1  aircraft  were  used  to  establish  the 
man-hour  standard  for  wire  segment  installation,  engineering  estimates  were 

made  to  determine  the  corresponding  standard  hours  for  the  19-fiber  bundle  > 

fiber  optics  cable.  The  preparation  method  for  the  fiber  bundles  is  assumed 
to  be  as  follows: 

1.  Cut  fiber  optic  cable  to  required  length,  allowing  about  b inches 
of  slack  for  temination. 

2.  Strip  away  2-1/2  to  3 inches  of  cable  jacket,  ex-posing  fiber  ;ind 
Kevlar  strength  members. 

3.  Place  end  of  cable  in  a holding  fixture  (^in  a vertical  position), 
and  spray  fiber  with  Freon  to  remove  any  oil  from  fibers. 

4.  After  Freon  has  dried,  spray  fibers  with  Freon  a second  time, 
and  allow  to  dry. 

5.  .Apply  epo.xy  to  exposed  fibers. 

6.  Install  connector  crimp  sleeve  and  ferrule  over  fibers. 

7.  Apply  epoxy  to  Kevlar  strength  members,  and  slide  connector  crimp 
sleeve  into  position  on  cable  jacket,  over  strength  members. 

8.  Trim  away  e.xcess  Kevlar  strength  members. 

9.  Crimp  sleeve  using  a standard  crimping  tool. 
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10.  Place  cable  b to  9 inches  from  250°  F infrared  lamp,  and  cure  epoxy 
for  approximately  55  minutes,  or  5 to  10  minutes  using  a heat  gun. 
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11.  Remove  excess  fibers  using  a 400-grit  wheel,  and  polish  fibers  using 
320- , 12- , and  3-micron  lapping  wheels. 

12.  After  completion  of  polishing,  visually  inspect  end  of  terminated 
cable  (fiber  bundle)  under  a microscope. 

Installation  of  the  fiber  optics  cables  includes  the  following  tasks: 

1.  Route  prepared  cables  through  aircraft. 

2.  Clamp  cables  at  required  intervals. 

3.  Insert  ends  of  prepared  cables  (fei'rules)  into  connector  shells. 

4.  Fasten  connectors  to  LRU's 

The  results  of  the  man-hours  estimates  analysis  for  wire  and  fiber  optic 
cable  segment  preparation  and  installation  are  shoun  in  Table  31.  .Xn  average 
leaniing  curve  of  73  percent  as  projected  for  the  B-1  production  on  basis  of 
previous  experience  was  applied  to  these  standard  man-hours,  resulting  in  an 
average  0.b45  man-hour  for  wire  and  0.85  man-hour  for  fiber  optic  cable  seg- 
ment preparation  and  installation. 

Other  Component  Preparation  and  Installation 

Preparation  and  installation  man-hours  estimates  were  developed  for 
other  wire  and  fiber  optics  components,  and  are  presented  in  Table  32. 
Overbraid  preparation  and  installation  is  included  in  the  wire  segment  pre- 
paration and  installation. 

tabu;  31.  IVlRi;  and  FIBFR  optic  SI;GM}:NT  PRliRAlUTION  .A^J1)  INSTAJdATION 


Man-hours  per  segment  (first  aircraft ) 

. - 1 

W i re 

Fiber  optic 

Preparat ion 

1 

2.3 

1.4 

Installation 

1.8 

4.0 

QliRvV  testing  (after  installation) 

0.3 

0.4 

Total 

4.4 

5.8 

I 


y 


4 
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TABI.l-;  32.  PRHRARA'l'lON  Ml)  INSTAI.IATION  MM-llOUltS 


(iomponent 

first  aircraft 

Fleet  average^ 

Bulkhead  connectors  (each) 

6 

j 

0.88 

LRU  (each) 

6 

.97 

Conduit  (per  foot) 

1 

.15 

Data  I ink  tenninators  (each) 

1 

.15 

Star  couplers  (each) 

1 

.15 

Y-couplers  (each) 

1 

.15 

^Assumes  73-pcrccnt  learning  curve  for  240  production  aircraft. 

Line  Replaceable  Unit  (LRU)  Costs 


The  B-1  wire  subsystems  descriptions  prepared  in  phase  I identified  the 
electronic  LRU's  which  are  associated  with  data  transfer  in  each  subsystem. 
Representative  average  unit  procurement  costs  were  obtained  for  each  t>'i:)c  of 
LRU,  and  then  engineering  estimates  Vvere  made  on  the  cost  delta  per  lllU  to 
accommodate  fiber  optic  data  transmission.  Both  retrofit  ,-aid  new  design  con- 
figurations were  considered.  In  those  fiber  optic  configurations  requiring 
new  I.RU's,  engineering  estimates  were  made  (based  upon  analogy  to  existing 
LRU's)  to  establish  their  unit  procurement  costs.  All  of  these  data  were 
utilized  in  the  LCC  comparisons. 


Baseline  LRU  Costs 

Table  33  displays  the  cost  for  LRU's  which  arc  used  in  the  IXXiAP  study. 


LRU  Modification  Costs 

fn  the  new  design  subsystems  concepts  for  IMJX,  .\MUX,  CITS,  and  the  DSC, 
it  is  assumed  that  the  recurring  LRU  costs  and  failure  rates  for  fiber 
optics  and  the  present  recurring  LRU  costs  for  wire  subsystems  will  be  equal. 
Ihc  new  design  interface  adaptations  for  IMJX,  AMUX,  and  CITS  (appendixes  U 
and  H)  would  be  of  similar  complexity,  size,  and  weight  to  the  components 
which  they  replace. 


The  new  design  DSC  fiber  ojitics  interface  ada]itations  would  be  of 
similar  complexity,  size  and  weight  as  tiie  units  they  ix'place.  liven  though 


'I'AlMJi  33.  BASi;i,INl',  COST  I-OR  LRU'S 


(Average  unit  cost  - 1977  dollars, 
exc  1 Lid  i ng  PDl i , CiiA , o r Tee . ) 


Subsystem 

LRU  t>^ic 

Quant ity/ 
subsystem 

Unit  cost 

DSC. 

RAQ)  I/O 

2 

104,000 

Jammer 

2 

48,000 

Lneoder 

6 

59,000 

Driver 

6 

34,000 

Rl'  source 

7 

33,000 

Transmitter 

10 

23,000 

yXntenna 

9 

13,000 

IMJX 

Box  - discrete 

2 

51 ,300 

Box  - discrete  digital 

b 

142,800 

Box  - d'serete 

in 

80,400 

Box  - control 

4 

131,700 

Box  discT'ctc 

2 

80,900 

Box  - CITS  interTace 

2 

33,500 

y\MUX 

ACU* 

17 

195,000 

FISC* 

10 

25,000 

CITS 

DAU 

.3 

42,400 

Printer 

1 

42,400 

Recorder 

1 

50,800 

Control  T,  display 

1 

58,000 

Computer 

1 

09,800 

CDR/CIM 

1 

10^,300 

S-M[/,\ 

DAU 

9 

51,000 

Cont lol ler 

■> 

102,000 

Super -MUX 

DAU 

2.3 

51 ,000 

Computer 

7 

510,000 

Total 

Cost 


{$) 


MS 


*Representat ive  Tor  cost  purposes. 


a fiber  optics  interface  in  the  I)S(i  would  I'equire  fewer  drivers/ receivers 
compared  to  the  present  wire  interfaces,  the  component  count  would  be  com- 
parable due  to  the  following: 


1.  ITie  DSC  presently  employs  a parallel-t>T3e  of  interface  to  the  wire 
data  buses. 

2.  A fiber  optics  interface  will  utilize  fewer  channels  transmitting 
serial  or  hybrid  parallel/serial  data. 

3.  Parallel-to-serial  and  serial -to-paral lei  data  conversion  would 
I'cquire  some  circuitiy. 

4.  In  addition,  the  multiplexing  task  would  also  require  circuits  for 
timing  and  control  of  the  converters  (i.e.,  clocks,  gating,  and 
timing  generators). 

In  this  case,  a large  number  of  relatively  simple  circuits  would  be 
replaced  by  a smaller  number  of  more  complex  circuits.  As  a result,  it  is 
assimied  that  the  size,  weight,  reliability,  and  cost  of  LRU's  employing  wire 
;ind  fiber  optics  interfaces  would  be  approximately  the  sajiie.  Table  34  simi- 
nuirizes  the  costs  associated  with  modification  ;ind  addition  of  LRU's  to 
accomplish  fiber  optics  implementation  on  each  subsystem. 

Table  34  also  displays  the  average  unit  cost  delta  per  LRU  for  the  retro- 
fit design  concepts.  These  costs  include  the  labor  as  well  as  hardware  costs 
of  the  modifications.  The  breakdown  of  those  cost  elements  was  not  av:iilable. 
fhese  costs  vv'ere  derived  through  estimates  based  upon  vendor  quotes  on  i.RU 
modification  cost  plus  those  costs  associated  with  the  hardwai'e  recpiired  for 
the  electronic  adaptations.  I'echnical  descriptions  of  tliese  adajitation  units 
arc  contained  in  Section  III  of  this  report  for  the  IISG,  and  Ajiiicndix  C foi' 

I MIX,  A\1UX,  and  CITS. 

fable  54.  RliaiRRING  COST  DELTAS  LOR  LRU  NK  11)1  LIGATION'S 
(PY  1977  dollars,  does  not  include 
PDE,  G5A,  or  fee.) 


Subsystem 

Unit  A cost  (new  design) 

Unit  A cost  (retrofit) 

DSC 

0 

+5,100 

/\MUX 

0 

+3,800 

IMIX 

0 

+3,800 

GITS 

0 

+3,100 
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^todLficd  LRU's 


i 


intainahll ity 

I 

As  noted  in  the  paragraph  on  LRU  costs,  the  new  design  I-RU's  for  liMUX, 
i\MJX,  CITS,  (ind  DSC  are  of  similar  complexity  as  the  linit  which  they  rei)lace. 

Therefore,  it  is  assiuned  that  new  design  modification  to  LRU's  would  I'csult  in 
no  net  change  in  each  LRU  failure  rate.  In  the  retrofit  concept,  an  interface 
adaptation  unit  ("card")  is  inserted  into  each  mrdified  LRU.  Based  on  complex- 
ity estimates  and  analogy  with  existing  electronic  units,  mcan-t imc-hctween 
failure  (MfRl-)  estimates  were  derived  for  each  retrofit  interface  unit,  and 
are  presented  in  Table  35.  Those  Ml'Bl'  values  are  for  single  interface  adapta- 
tion unit  and  do  not  represent  failure  rates  for  entire  subsystems. 


! 


'Ilie  reciprocal  of  the  MI'BF  (i.e.,  failure  rate)  of  each  interface  unit 
was  added  to  the  baseline  failure  rate  of  each  corresponding  LRU  to  determine 
the  net  failure  rate  of  each  retrofit  i.RU.  For  both  new  design  and  retrofit 
LRU's,  the  DTLCC  model  multiples  each  failure  rate  (which  is  estimated  from 
laboratory  conditions)  by  a maintenance  demand  rate  (MDR)  factor  to  accoiuit 
for  the  more  rigorous  operating  conditions  of  the  B-1.  The  MDR  factor  of 
each  LRU  is  regarded  as  a fiuiction  of  the  location  and  utilization  of  tlie 
LRU,  and  remains  unaffected  for  both  now  design  and  retrofit  modifications. 

'Ihe  B-1  is  supported  hy  a three-level  (organizational,  intermediate,  and 
depot)  maintenance  concept;  however,  each  of  the  LRU's  examined  in  FOCAP  is 
sent  to  depot  for  less  than  2-percent  of  its  total  maintenance  demands.  It 
is  assumed,  therefore,  that  all  LRU  repairs  occur  at  inteniiediate  level. 

Since  both  the  new  design  and  retrofit  interface  units  are  replaceable 
"cards,"  the  conversion  to  fiber  optics  docs  not  affect  the  100-percent 
intermediate  repair  assumption. 
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T,\BLli  35.  RliLlABILITY  OF  RliTROFlT  INTFRF'ACF,  UNITS 


Subsystem 

MTBF'  (hours) 

IMJX 

30,000 

A\ajx 

30,000 

CITS 

00,000 

DSC 

4,000 

Both  organizational  and  intennediate  repair  times  are  assumed  to  be 
luichimged  in  this  study.  Organizational  maintenance  (detect,  isolate,  remove, 
and  replace)  is  a function  of  the  location  of  the  LRU,  which  is  not  affected 
by  the  interface  units.  The  intermediate  repair  time,  which  involves  the 
removal  and  replacement  of  cards  inside  the  LRU,  is  not  a function  of  the 
individual  bits  and  pieces  on  each  card,  and  is  also  assumed  to  be  constant. 

Other  assumptions  in  this  study  were  that  the  average  material  cost  per 
intennediate  repair  can  be  estimated  as  0.1  percent  of  the  unit  cost  of  the 
LRU,  and  that  1 percent  of  all  LRU  maintenance  demands  result  in  condemnations 
of  the  f RU  (except  for  LRU's  with  a unit  cost  over  $200,000,  which  assujned  a 
0.5-percent  condemnation  rate). 


Added/Deleted  LRU's 

Lor  existing  LRU's  deleted  in  the  Super-MUX  designs,  reliability  and 
maintainability  factors  were  obtained  from  B-1  reliability  and  logistics 
groups.  For  the  added  LRU's  in  the  8-MUX  and  Super-MUX  designs,  reliability 
and  maintainability  factors  were  derived  by  complexity  estimates  and  analogy 
with  existing  electronic  boxes. 


Wire  and  Fiber  Optics  Cables 

Wire  failure  data  taken  during  the  B-1  flight  test  prograii  were  adjusted 
to  reflect  what  would  be  expected  during  steady-state  operations.  A failure 
rate  of  0.03  failures  per  million  hours  resulted.  A maintenance  demand  rate 
factor  of  1.96  is  used  to  add  the  additicnal  maintenance  demands  other  than 
failures  (e.g. , human  errors  resulting  in  a wire  segment  break).  This  value 
was  also  extracted  from  B-1  flight  test  data.  Fiber  optics  cables  are  assimied 
to  have  the  same  reliability. 

On  all  subsystems  except  the  DSC,  the  repair  times  for  wire  and  fiber 
optics  cables  were  based  on  the  manufacturing  estimates.  It  is  assumed  that 
the  on-aircraft  repair  times  arc  1.6  and  2.1  man-hours  per  wire  segment  :uid 
fiber  cable  segment,  respectively.  The  average  material  cost  per  rcixiii' 

(i.e.  replacing  the  dcimaged  segment)  is  estimated  by  multiplying  the  average 
length  (of  wire  or  fiber  cable)  per  segment  (including  overbuy)  times  the 
price  per  foot. 

The  DSC  is  somewhat  more  complicated,  containing  many  multichannel,  multi 
stub  data  buses.  The  multistuh  buses  wire  cables,  due  to  their  complexity  and 
fabrication  techniques,  arc  repaired  as  a unit,  precluding  individual  wire 
segment  repair.  If  breakage  occurs  between  any  two  stubs  the  total  bus  cable 
interconnecting  all  the  stubs  must  be  replaced.  The  HSO  also  has  more  diffi- 
cult access  than  the  oth^r  subsystems,  especially  since  some  of  the  cables 
arc  buried  behind  flight  i nst miments ., 


The  mean  remove  :md  replace  time  on  the  DSC.  for  wire  is  estimated  at  142  man- 
hours, and  the  average  material  cost  per  segment  repair  at  $5,700.  for  fiber 
optics,  the  difficult  access  problem  remains;  however,  each  individual  fiber 
cable  can  be  replaced  without  affecting  nearby  cables  due  to  the  sim])ler  fab- 
rication process,  for  the  fiber  optics  DSG,  the  mean  remove  and  replace  time 
(including  access)  is  estimated  at  b2  man-hours,  and  the  mean  material  cost 
per  fiber  cable  repair  is  estimated  by  multiplying  the  average  length  of  the 
cable  (including  overbuy)  times  the  price  per  foot,  giving  estimates  of  $58 
and  $21  for  the  daisy  chain  and  star  coupler  designs,  respectively. 


General  Cost  factors 


The  LCC  evaluations  required  a variety  of  general  cost  factors  associated 
with  the  production  and  deployment  of  a large  strategic  aircraft  such  as  the 
B-1.  Certain  of  these  items  were  established  from  a review  of  corresponding 
B-1  values,  and  others  were  derived  from  Covemment  publications  (References 
9 and  15).  Table  56  presents  a list  of  these  factors  as  applied  to  the  fOCyM’ 
study.  Tlie  cost  factors  are  for  comparative  purposes  only  and  do  not  consti- 
tute a commitment  on  the  part  of  Rocbvell.  Tlicse  factors  arc  subject  to 
change . 


RlfSULTS  OF  hlHi  CYCLf  COST  liVAIAJATIONS 

The  data  described  previously  were  input  to  the  DTl.CC  model  to  dctcnninc 
the  B-1  LCC  for  the  candidate  wire  and  fiber  optic  data  transfer  subsystems. 

The  results  of  these  computer  riuis  for  the  new  design  fiber  optics  concepts 
are  simmiarized  in  Table  57.  It  should  be  noted  that  these  life  cycle  costs 
represent  the  LCC  contributions  of  the  removed  wire  and  added  filler  optics 
components  and  do  not  represent  the  total  LCC  of  tlie  B-1.  The  life  cycle 
costs  have  been  divided  into  RDTfdl,  acquisition,  and  Of,S  cost  categories.  A 
10-year  steady-state  operational  period  was  used  in  developing  these  life 
cycle  cost  estimates.  All  costs  arc  in  const:int  1977  dollars  and  arc  computed 
for  a production  lot  of  240  aircraft.  Reference  16  contains  the  actual  com- 
puter outputs  from  these  evaluations. 

Several  conclusions  can  be  di'awTi  from  the  data  presented  in  Table  57. 

Ibe  DSC,  IMIX,  and  Super-MUX  result  in  B-1  LCC  savings.  Ihe  potential  cost 
savings  for  the  two  Super-MUX  designs  are  $187  million  (daisy  chain)  and 
$184  million  (star-coupler).  However,  these  savings  are  based  upon  cost 
estimates  of  new  computers  and  new  data  acquisition  imits,  and  thus  there  is 
some  uncertainty  in  the  projected  cost  delta.  Ihe  DSC  appears  quite  promising, 
for  it  is  estimated  that  the  new  design  daisy  chain  concept  would  yield  an 
LCC  savings  of  $100  million  in  return  for  an  RDTlili  investment  of  less  than 
$6  million.  Ihc  new  design  LNRIX  concept  also  leads  to  some  cost  benefit,  but 
the  savings  is  not  as  large  relative  to  the  RDTf,ll  investment.  Ihe  8-NRI\ 
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TABU-  56.  a:Nl-;RAI.  COST  FACTORS  IJSF.D  IN  I.CC  FVAIAJATIONS 


Factor 

Manufacturing  support  hours  as  a fraction  of  direct  manufacturing 
labor  hours 

Manufacturing  support  dollars  per  man-hour 

engineering  support  hours  as  a fraction  of  basic  engineering 
houi's 

Total  annual  flight  hours  per  linit  equipment  (Uli)  aircraft 

Total  number  of  UF.  aircraft 

Total  number  of  production  aircraft 

Base  labor  dollars  per  man-hour 

Depot  labor  dollars  per  man-hour 

Standard  packing  labor  dollars  per  pound 

Standard  transportation  dollars  per  pound  (for  LRU  depot 
movement ) 

Standard  ratio  of  packaged  weight  to  transported  weight 

Recurring  (innual  OSH  cost  as  a fraction  of  initial  OSF.  cost 

Fuel  cost  (dollars)  per  pound  of  empty  weight  per  UL  per  year 
(fixed  aircraft) 

Average  turnaround  time  for  base  rc]5air  (montlis) 

Average  turnaround  time  for  depot  repair  (iTOiitlis) 

Initial  OSF,  cost  as  a fraction  of  total  flyaway  cost 
Material  procurement  cost  (Ml’C)  factor 
Procurement  direct  e.\]K'nse  (Pl)l')  factor 
Oontract  general  and  administrative  ((ih.\l  factoi 


Value 

0.5905 

20.0 

0.5586 

529.14 

210 

240 

16.50 

25.47 

0.4065 

0.0625 

1.285 
0. 1607 
11.84 

0.55 
2.0 
0.0.54 
1.16 
1.06 
1 .08 


(Contract  fee  factor 


1 . 08 


TABLE  37.  LIFE  CYCLE  COST  COMPARISON  1-OR  B-1 


■All  cost  numbers  have  been  rounded  off. 


(Retrofit  fiber  optics,  all  costs  in  millions,  I'Y  1977  dollars) 


concept  does  not  yield  an  I.CC  savings  due  to  the  additional  LRU  costs  that 
arc  experienced. 

Table  38  represents  the  B-1  l.CC  comparisons  for  retrofit  subsystems.  In 
all  cases,  the  retrofit  fiber  optic  design  concepts  resulted  in  an  increase 
in  B-1  life  cycle  cost,  fbe  LCC  increases  range  from  $b  million  in  tlic 
retrofit  daisy  chain  DSG  design,  to  over  $55  million  for  the  .XMUX  retrofit 
concepts.  The  basic  reasons  for  the  failure  of  retrofit  designs  to  show  LC'C 
savings  are  the  additional  costs  for  LRU  adaptations  and  the  smaller  weight 
savings. 

ilie  optimal  mix  of  fiber  optic  configurations  for  the  B-1  is  the  new 
design  daisy  chain  DSG  and  the  Super-MUX.  Their  combined  cost  savings  is 
almost  $300  million,  or  about  1 percent  of  total  B-1  life  cycle  cost.  How- 
ever, the  Super-MUX  concept  requires  a major  engineering  redesign  effort 
that  introduces  both  technological  and  economic  risks.  ITierefore,  a low- risk 
optimum  system  would  be  to  utilize  fiber  optics  in  the  DSG  and  to  employ 
present  wire  design  concepts  for  the  remainder  of  B-1  data  transfer  sub- 
systems. Such  an  approach  offers  the  potential  for  cost  savings  of  $100 
million  on  the  B-1.  Table  39  displays  the  annual  opei'ations  and  support 
cost  savings  on  the  B-1  which  are  anticipated  by  this  implementation. 

If  the  DSG  and  Super-MUX  concepts  were  incorporated  at  the  conceptual 
design  stage  on  a large  strategic  aircraft,  the  593-pound  avionics/electr ical 
systems  weight  j'eduction  per  aircraft  could  result  in  additional  aircraft 
size  and  weight  reduction.  Figure  29  compares  the  cumulative  cost  savings 
for  a rubber  aircraft  to  those  of  a fixed-size  B-1.  The  total  RDTfil'  plus 
acquisition  cost  savings  are  shown  as  the  initial  points  on  the  graph,  and 
the  accimiulated  LCC  savings  are  shown  as  a function  of  the  operational  period. 
Ihe  results  show  that  the. cascading  weight  benefits  of  fiber  optics  result  in 
a potential  50-percent  increase  in  LCG  savings  over  the  fixed-size  B-1. 


Lscalated  Cost  Comparison 


A groiuid  rule  of  the  l'(XL\P  cost  analysis  was  that  all  LGG  data  were  to  be 
expressed  in  constant  1977  dollars.  .An  alternative  approach  would  have  been 
to  e.xpress  all  costs  in  "then-year''  dollars  by  escalating  the  various  annual 
costs  to  the  year  in  which  they  arc  to  be  experienced.  A simimation  of  tiiese 
inflated  annuiil  costs  would  yield  the  total  life  cycle  cost  in  then-year 
dol lars. 

Gnc  difficulty  with  this  cost  analysis  technique  is  that  tlie  inflation 
rate  projections  can  have  a profound  influence  on  tlic  cost  calculations. 

Since  there  is  considerable  uncertainty  in  making  such  projections,  a then- 
year  LCG  comparison  for  time  periods  well  into  the  future  can  he  dominated 
by  possibly  erroneous  inflation  rates.  In  addition,  inflation  does  not  neces 
sarily  result  in  a change  in  ]nircliasing  power,  for  revenues  may  rise  at  the 
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DSG  ANNU/\1.  SAVINGS  TO  USAF 


sajiio  rate  as  expenditures.  Under  such  conditions,  tiic  then-year  costs  are 
lialanced  by  then-year  revenues. 

However,  the  use  of  then-year  LCC  analysis  is  very  appropriate  when 
certain  elements  of  cost  may  experience  relativ^e  price  changes  in  the  future 
due  to  sujiply/demand  interaction.  A recent  e.xample  of  this  economic  situation 
is  the  growth  in  fuel  prices  at  a rate  well  above  that  of  general  inflation. 

If  a potential  scarcity  of  a resource  can  be  identified  and  a constant  (or 
increasing)  demand  for  the  commodity  is  also  evident,  then  the  future  cost  of 
the  item  will  be  higher,  assuming  it  continues  to  operate  in  an  unconstrained 
(free)  market.  Since  this  relative  price  change  is  not  attributable  to  infla- 
tion, it  is  a "real”  cost  increase  when  considered  against  then-year 
(escalated)  funding. 

With  these  guidelines  on  the  advantages/disadvantages  of  then-year  cost 
evaluations,  it  is  now  appropriate  to  consider  such  an  approacli  in  the  FOliAP 
cost  analysis.  The  B-1  DSG  configuration  was  selected  for  such  an  exercise, 
and  an  LCC  comparison  was  perfonned  between  the  wire  and  new  design  daisy 
chain  concepts.  'Hie  procedure  used  follows: 

1.  The  LCC  data  (in  1977  dollars)  for  the  two  DSC]  configurations  was 
examined  to  identify  that  portion  of  acquisition  cost  attributable 
to  the  procurement  cost  of  wire  or  fiber  optic  cable.  These  costs 
were  then  adjusted  using  A-7  ALOFT  study  price  projections  (NLLCV 
TR  1982,  1 March  1976)  to  consider  the  future  relative  price  dif- 
ference between  wire  and  fiber  optic  cable. 

2.  All  other  costs  were  escalated  using  standard  inflation  rate  tables 
provided  in  the  US-IF  planning  factors  manual  fAl-R  173-10, 

September  1976).  Midpoint  years  were  selected  for  the  RDT1)F., 
acquisition,  and  operations  and  suj'jport  time  periods,  and  all 
associated  costs  were  escalated  from  1977  dollars  to  the  specified 
midpoint  then-year.  Tiie  mid-point  years  were  assigned  as  follows: 


RDlTiH 

Acquisition 
Operations  li  support 


1977  (current  year 

1982 

1987 


3.  The  results  of  items  1 and  2 were  combined  to  determine  then-year 
LCC  for  the  two  configurations,  and  these  results  were  compared 
to  the  1977-dollar  results  as  computed  by  the  DTIXT  model. 

Reference  16  (the  /M.OF’T  report)  projected  a substantial  rise  in  the 
price  of  copper  wire  during  the  next  few  years.  I'hese  data  were  u ed  to 
establish  a procurement  cost  of  $3.90  per  foot  for  wire  in  1982  (midpoint  of 
B-1  acquisition  prognuii) . Ibis  roughly  a 10-foId  increase  to  the  price  being 
used  in  the  1977-dollar  LCC  analysis.  Ibe  ALOFl  report  also  projected  a rajiid 


decrease  in  fiber  cable  costs  due  to  the  increase  in  production  and  tlie  almost 
infinite  suppl)'  of  the  basic  resource  for  its  manufactui’c.  .An  estimate  w.is 
made  that  the  comhined  effect  of  increased  demand  countered  by  inflation 
would  result  in  a 1982  price  of  Sl.bO  per  foot  for  the  19-fiber  bundle  being 
used  in  the  l-'OCAP  designs.  The  1977  price  is  estimated  at  S2  per  foot,  both 
the  wire  and  fiber  optic  cable  prices  reflect  procurement  quantities  required 
I for  the  full  B- 1 production  program. 

[ ihe  results  of  this  investigation  are  displayed  in  Table  40.  LCC  con- 

I tribution  in  1977  dollars  and  then-year  dollars  are  shovoi  for  both  configura- 

► tions,  along  with  the  corresponding  cost  deltas.  Note  that  the  numerical  cost 

j savings  with  fiber  optics  increased  from  $100  million  to  $250  million  in 

I converting  from  1977  dollars  to  then-year  dollars.  ITie  order-of-magnitude 

[ jump  in  wire  cable  price  used  for  the  then-year  analysis  is  the  cause  for 

the  large  difference  in  then-year  acquisition  cost.  .A  similar  exercise 
using  the  rubber-aircraft  approach  gives  a then-year  cost  delta  of  $.58.5  mil- 
lion, as  compared  to  $195  million  in  1977  dollars. 

Life  Cycle  Cost  Summary' 


ihe  preceding  cost  data  indicate  that  fiber  optic  teclmology  docs  offer 
the  potential  for  cost  savings  on  large  military  aircraft.  These  savings 
can  be  realized  on  individual  data  transfer  subsystems  which  operate  at  higli 
data  rates  (.e.g.,  D.SG),  or  through  optimal  combination  of  subsystems  to  take 
full  advantage  of  the  bandwidth  capability  of  fiber  optics  (e.g.,  .Super-NRJX) . 
Ibe  cost  I'eductions  for  the  implementation  of  fiber  optics  into  the  DSC  for 
both  the  fixed-sized  B-1  and  a rubber  aircraft,  in  constant-year  and  then- 
year  dollars,  arc  shown  in  figure  50.  Tl-ie  corresponding  potential  cost 
savings  for  the  DSC  and  .Super-MUX  are  shown  in  Figure  51. 
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Figure  31.  Summary  of  1,CC  savings  for  I)S(i  and  Snpcr-MlIX 
fncw  design  daisy  chain  configurat ionsi . 


Section  V 


SHNSri'IVITY  ANALYSIS  AND  TRADL  STUDILS 


GHNLRAL 

One  of  the  major  objectives  of  the  I’CXIAP  study  was  to  identify  those 
design  and  cost  panuneters  wliich  have  the  greatest  influence  on  the  contribu- 
tion of  data  transfer  subsystem  components  to  aircraft  life  cycle  costs  (],CC). 
In  order  to  accomplish  this  goal,  a series  of  sensitivity  analyses  were  per- 
foniied  using  tlie  Dfl.CO  model,  and  the  results  plotted,  hxamination  of  these 
graphs  yielded  a prioritized  list  of  cost  drivers  which  are  candidates  for 
future  technical  research.  They  also  provided  a tool  for  assessing  the  eco- 
nomic risk  due  to  uncertainties  in  the  baseline  value(s)  assigned  to  input 
parameters.  A variety  of  cost  trade-offs  were  also  addressed  in  the  l-OC'AF 
study  to  identify  trends  in  the  cost  benefit  of  fiber  optics  ap]-)l  icat ion. 

The  sensitivity  studies  were  perfonned  through  parametric  evaluations  on 
the  fiber  optic  subsystem  designfs)  which  displayed  potential  cost  savings  on 
the  B-1.  Cost  trade-offs  were  made  through  examination  of  the  costs  associated 
with  specific  subsystem  perfoniiance  features  (IWI , bandwidth,  etc),  or  through 
definition  ;uid  LCC  analysis  of  design  concepts  with  different  perfoniiance 
levels. 


SliNSlTIVITY  SilJDlhS 

Parametric  evaluations  were  perfonned  on  those  fiber  optic  design  concepts 
which  offer  potential  LCC  savings  to  detennine  the  relative  cost  impact  of 
system  variables.  The  following  paragraphs  delineate  the  sensitivity  analysis 
results  and  describe  the  effect  on  B-1  LCC  savings. 


CABLL  COSTS 

lliere  is  some  luicertainty  in  the  procurement  cost  for  fiber  optic  cable 
due  to  the  questionable  future  demand  for  the  fibers.  The  cost  for  wire  cable 
may  also  vaiy  in  the  future  if  the  availability  of  copiier  becomes  reduced.  To 
dctcrmLnc  the  cost  imjiact  of  changes  in  fiber  and  wire  costs,  the  new  design 
daisy  chain  IISC  configuration  was  parametrically  evaluated  as  a fmiction  of 
the  resjiective  unit  costs.  I’igure  7>2  disjilays  the  results  of  this  analysis, 
presenting  LCC  savings  as  a function  of  fiber  optic  cable  cost  jicr  foot. 
Isocurves  arc  provided  for  the  wire  cost  of  $0..i.'S  (baseline)  and  $1  per  foot 
to  demonstrate  the  LCC  sensitivity  to  comliined  changes  in  the  unit  costs,  lor 
instance,  if  both  fiber  and  wire  cable  costs  were  ecjua  1 to  $1  per  foot,  the 
DSC  daisy  cliain  wouki  save  million  in  addition  to  the  $100  million  of  the 
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baseline.  Such  a v^ariation  in  cost  savings  implies  the  ratio  of  the 
procurement  cost  of  fiber  cable  to  copjier  wire  is  a significant  cost  driver. 


I 


To  explore  the  cost  impact  of  fiber  cable  price  on  other  B-1  subsystems, 
the  new  design  daisy  chain  IMiX  concept  was  also  evaluated.  The  results, 

shoivn  in  Figure  33,  indicate  that  if  the  cost  of  fiber  cable  doubles  from  tlic  ; 
baseline  case  of  $2  per  foot,  the  hCC  savings  for  this  I-lttJX  concept  will  be  i 
reduced  by  $2  million  (about  40-percont  reduction  in  LCC] . j 


SlXiNniN'r  PRIilWlVnON  y\ND  INSTAldATION  TIMiS 

A considerable  savings  in  aircraft  acquisition  costs  may  result  if  fiber 
optics  is  substituted  for  wii'o  cable  due  to  the  large  I'eduction  in  segment 
preparation  iind  installation  times.  This  is  especially  tnae  in  the  DSG  config- 
urations, where  the  segment  count  can  be  reduced  18-fold  through  implementation 
of  fiber  cables.  First  aircraft  man-hour  standards  were  derived  for  both  wire 
;md  fiber  optic  cable  tasks  (see  Section  IV).  These  first  aircraft  man-hour 
standards  were  tlien  extrapolated  on  appropriate  leaniing  cui^ves  to  establish 
fleet  cinnulative  average  man-hours  per  segment  installation,  resulting  in 
0.b45  and  0.85  man-hours,  respectively. 

Sensitivity  of  LCC  savings  on  the  DSG  to  the  average  man-hours  per 
preparation  and  installation  for  fiber  optic  segments  is  displayed  in 
Figure  34.  The  functional  relationship  is  shoivn  for  fiber  cable  costs  of  $2 
per  foot  (baseline)  and  $5  per  foot  to  demonstrate  the  combined  sensitivity 
of  procurement  expense  and  ease  of  installation  for  fiber  cable. 

SUI’FR-MIJX  COMPUTFR  COST/RIdJABILlTY 

Two  new  computers  are  required  for  the  Super-MID(  configurations, 
engineering  estimates  of  tlieir  average  imit  cost  and  mean-time-between-fai lure 
(Nll’BF)  were  extrapolated  from  the  cost  and  reliability  of  existing  computers 
in  the  B-1  (MIX,  CITS,  and  ANRIX  systems.  To  deteniiine  the  sensitivity  of  the 
LCC  savings  for  Super-MUX  to  the  cost  and  MIBF  of  the  computers,  a series  of 
parametric  nms  was  made  for  the  daisy  chain  Super-MJX  using  the  DTLCC  model. 
The  model  outputs  were  then  plotted  as  shoivii  in  Figure  3.5.  The  graph  indicates 
that  both  factors  have  a significant  effect  on  tlie  LCC  savings.  .Sensitivity 
nms  for  the  effect  of  the  procurement  costs  of  fiber  optics  cable  on  the  LCC 
show  their  effect  to  be  secondary  to  cominiter  cost.  Thus,  it  can  be  concluded 
that  when  new,  relatively  comiilex  data  trinsmission  subsystem  concepts  I'eciuire 
the  application  of  fiber  optics,  the  cost  of  the  electronic  line  re]i laceab le 
units  (LRU)  and  their  associated  failure  rate  should  be  given  the  gix'atest 
emphasis  in  cost  benefit  comjiar isons. 
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Figure  34.  DSG  - effect  of  fiber  cable  preparation  and  insta 
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Figure  Tib.  DSG  - effect  of  weight  reduction  on  I,C(i  savings. 
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I'igure  38.  DSCi  - IX'('  savings  versus  AI.RII  cost. 


SlJBSYSTliM  Uliiari' 


For  the  fixed  B-1  aircraft,  weight  savings  attributable  to  fiber  optic 
= configurations  resulted  in  a cost  reduction  for  fuel  and  timker  support.  The 

cost  savings  per  poiuid  of  weight  decrease  per  aircraft  was  determined  to  be 
$118.40  for  a 10-year  operational  period.  For  the  new  design  daisy  chain 
defensiv-e  subsystem  group  (DSf]J  configuration,  the  weight  savings  of  380  pounds 
results  in  a $9.5  million  cost  reduction.  The  comliination  of  DSC  and  Super- 
\ MUX  results  in  a weight  saving  of  593  pounds  and,  therefore,  a cost  reduction 

for  fuel  and  tanker  support  of  $14.7  million. 

Figures  36  and  37  display  the  sensitivity  of  weight  savings  to  LUC  for  the 
fixed  B-1  and  for  a "nibber''  aircraft. 

The  combined  LCC  savings  of  DSC  and  Super-MJX,  attributable  to  weight 
decrease,  equal  $432  million,  when  the  designs  are  incoiqiorated  during  the  | 

■ conceptual  design  phase  of  a largo  strategic  aircraft. 

RLtdJRKINC  LRU  /\DAn’ATION  COST 

Ilngineering  assessments  of  the  recurring  cost  deltas  associated  witli  LRU  ' 

adaptation  to  fiber  optic  data  transmission  on  the  DSC  I'osulted  in  the 
' following: 

Retrofit  designs  - +$5,100  per  LRU 

New'  Designs  - 0 

Rationale  for  these  cost  estimates  are  contained  in  Section  IV.  To  establisli 
the  sensitivity  of  LCC  to  these  values,  the  DTLCC  model  w'as  exercised  for  the 
fixed  size  B-1.  Results  of  this  analysis  are  presented  in  Figure  38  for  the 

new  design  DSC  daisy  chain  configuration.  The  plot  indicates  that  the  net  ’■ 

change  in  LRU  costs  duo  to  fiber  optic  conversion  is  a significant  cost  para- 
meter.  If  the  cost  delta  were  to  vary  by  $1,000  per  LRU,  the  LCC  savings 
would  change  by  17  percent. 

In  the  approach  taken  in  this  study,  LFD's  and  photodiodes  were  considered 
two  of  many  electronic  components  coinprising  the  electi'onics  adaptations.  As 
such,  their  price  impacts  on  that  of  the  adaptations  was  considered  in  the 
adaptation  cost  estimates,  but  their  prices  were  not  specifically  identified 
in  the  cost  model.  The  sensitivity  of  the  subsystem  LCC  to  the  photodiode 
I and  I.IT)  costs  can  be  considered  in  the  context  of  tlie  I,RU  cost  sensitivity. 

ITie  Spectronics  .SPX1775  I.liU  and  SPX1777  photodiode  used  in  the  concc]ituaI 
designs  of  this  study  are  priced  at  $100  and  $90  each  in  lots  of  1,000.  U'itli 
some  of  these  types  of  conponents  selling  in  the  $5  range,  the  $110  anil  $90 
I prices  should  be  considered  worst  case.  A more  t>']iical  price  of  $50  each 

i 
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Vvas  used  as  a baseline.  The  t>T)ical  DSd  electronic  interlace  cost  attributalile 
to  I, lib’s  and  photodiodes  is  $300.  A .SO-percent  reduction  in  the  price  of  l.bD's 
and  photodiodes  could  reduce  the  cost  of  the  electronic  adaptations  by  $150. 
iliis  cost  reduction  would  result  in  an  additional  LCC  savings  of  $3  million, 
as  can  be  derived  from  figure  38. 

R1  if  I AB 1 1.  ri’Y/MA  I NTA I NAB  1 1 . I TY 

There  is  a significant  difference  in  costs  associated  with  reliability/ 
maintainability  of  the  ware  and  fiber  optic  DSCi  configurations.  This  is  the 
result  of  two  basic  items; 

1.  The  substantial  reduction  in  segment  count  (and  vohmic  occupation) 
for  tbe  fiber  optic  DSG. 

2.  The  BlI/llMI’  jirotection  levels  require  the  discarding  of  entire  DSd 
vvire  harnesses  due  to  the  failure  of  one  specific  wire  segment.  Ihis 
problem  is  eliminated  by  the  dielectric  fiber  cables. 

llie  net  result  is  that  cable  maintenance  becomes  a minor  cost  clement  (2  per- 
cent) of  the  fiber  optic  configurations  hCC.  For  the  corresponding  wire 
designs,  this  cost  categoiy  accounts  for  over  40  percent  of  the  data  transfer 
subsystem  LCC. 

Nominal  values  vvere  assigned  to  the  failure  rates  and  repair  times  of  DSC 
cable  segments.  To  e.vaminc  the  sensitivity  of  LCC  to  these  jiar;mieters , the 
vvire  DSC  configuration  was  analysed  for  vaiying  MlBf  and  MFTR  values.  The 
results  arc  displayed  in  Figures  39  and  40,  respectively.  For  reference,  the 
total  LCC  for  the  fiber  optic  DSC  has  also  been  indicated  in  Figure  39  to 
demonstrate  that  regardless  of  the  wire  segment  failure  rate,  there  is  always 
an  LCC  savings  for  fiber  optics  in  the  DSC.  Similai'  data  for  the  fibei'  optic 
configurations  have  not  been  provided  due  to  the  small  contribution  of  cable 
maintenance  to  LCC. 


Cd.ST  TRIDL-OFFS 

The  jH-eceding  sensitivity  data  have  displayed  the  variation  in  LCC  for 
discrete  i)ai;mictcrs  in  cost  cvavluat  ions . The  following  paragraivhs  audi'ess 
more  general  comparisons  of  the  cost  benefit  of  fiber  optics. 

COST  VLRSUS  MILNLIIABILITY  I’ROU iCll ON 

The  vulnerability  protection  costs  on  the  B- 1 can  be  diviileil  into  the 
costs  associated  with  electromagnetic  interference  (1?11)  and  those  associated 
with  transient  radiation  effects  on  electronics  (TRLL). 


Selection  of  the  19- fiber  fused  silica,  plastic  clad  cable  used  in  the 
lOCAl’  desi^ins  was  influenced  by  the  Transient  Radiation  liffects  on  lilectronics 
ClRbb)  hardening  requirements  of  the  B-1  system.  Less  expensive  fibers  could 
be  used  if  these  specifications  did  not  exist.  If  the  cost  of  fiber  cable 
could  be  reduced  from  $2  per  foot  to  $1  per  foot  due  to  procurement  of  non- 
iiardened  cable,  tiie  I.CIC  would  decrease  by  $2.4  million  (15  percent)  for  the 
fiber  optic  1)8(1.  Thus,  the  TRbb  protection  level  requirements  of  the  B-1  air- 
ci’aft  system  have  a minor  impact  on  the  total  LdC. 


LMl  protection  is  govenicd  by  MlL-STD-4t)ly\(.5)  , Tost  Method  RliOZ 
.Specification.  To  assure  adherence  to  the  M1L-STD-46L\(.5)  , overbraid  and 
protective  conduit  arc  used  on  many  of  the  wire  cables. 


The  elimination  of  protective  conduit  and  overbraid  through  substitution 
of  fiber  cables  for  conventional  wire  is  a source  of  cost  savings.  Tor  the 
B-1  DSCl  configuration,  the  combined  effect  of  procui'cment  cost  savings  for 
conduit  (20.5  lbs)  and  overbraid  (5(1.1  lbs)  and  weight  reductions  of  77  pounds 
per  aircraft  results  in  a B-1  LCC  savings  of  $.5  million  for  the  new  design 
daisy  chain  configuration  (.5  percent  of  total  L(l(l  savings).  If  these  weight 
savings  were  credited  to  a ’’ruliher”  aircraft,  the  LCC.  savings  would  be 
$22  mi  1 1 ion. 


It  should,  however,  be  noted  that  at  the  pi'cscnt  time  the  B-1  LMllV  system 
exceeds  the  LMIC  radiated  emission  limits  of  M1L-ST1)-461A( 3)  by  up  to  30  db 
over  the  frequency  spectnmi  of  0.9  to  350.0  Mllz.  The  wires  that  cany  the 
thousands  of  discrete  input  and  out]iut  signals  for  li^HIX  ai'e  the  soui'ce  of 
these  out-of-specification  emissions.  Rockivcll,  Harris  (17RIX  supjiiier),  and 
the  B-1  Sro  technical  consultant  of  LMIC  agree  that  the  onh’  way  to  eliminate 
this  nonconfo nuance,  without  totally  unacceptable  LRU  weight  and  voUmie 
increase,  is  to  shield  all  discrete  A/04  LMllX  signals.  A study  was  perfoniied 
by  Rockwell  in  November/December  1975  (Reference  18)  to  assess  the  weigiit 
impact  of  shielding  all  aircraft  4 discretes.  The  projected  w’eigbt  inci'ease 
was  900  jiounds. 


The  B-1  operates  satisfactorily  without  these  shields,  and  the  B-1  System 
Safety  Office  has  agreed  to  modify  the  TMJX  Ml  L-STl)-4(ilA(  3)  Rli02  recpi  i rements . 
The  ability  of  the  B-1  to  operate  satisfactorily  with  those  nonconfo  nuances  is 
the  result  of  the  following  design  features  for  the  electrical/electronic 
systems.  Tliese  features  generate  balanced  circuits  in  the  aircraft,  with 
inherent  rejection  of  coiimion  mode  (LMIC)  noise  and  a low- noise  environment. 


1.  Cii'cuit  returns  - all  power  and  signal  circuits  have  wired  returns, 
There  is  no  deliberate  current  flow  in  tlie  structure. 


Crounding  - fbei'e  is  a true  single-point  ground  for  all  jxiwei’  cii’cuits. 
lliis  aiijilies  to  230  vac,  115  vac,  and  28  vdc.  The  signal  common  for 
all  LRU's  is  grounded  adjacent  to  the  LRU. 
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3.  Power  input  - Power  input  for  all  LRU's  ((ll'L  excepted)  is  by  isolation 
transfonner.  Step-down  devices  (T-R  units,  transfonsiers)  for  Uli: 
have  isolation  transfonners  at  the  230  \nc  input. 

4.  Input  circuits  - All  receive  circuits  ((iPL  excepted)  ai'e  balanced 
with  respect  to  sij>nal  coiimion  (dij^ital,  analot;,  and  discrete). 

5.  Wiring  - All  circuits  that  do  not  use  coax,  triax,  or  waveguide  are 
either  twisted  or  shielded  and  twisted. 

It  therefore  is  not  likely  that  strict  adlicrence  to  MIL-STD-4hlA(3j  will 
ever  be  required.  If,  howev^er,  conformance  to  this  specification  is  required 
on  any  future  strategic  aircraft,  the  additional  weight  impact  of  900  poiuids 
can  he  avoided  by  using  fiber  optics  instead  of  the  conventional  wires,  ihis 
900-povuid  weight  penalty  would  result  in  a potential  LCC  saving  of  about 
$250  million  (1977  dollars). 

COST  VLRSUS  RW'DlVin'Ii] 

In  order  to  analyze  the  cost/bandwidth  trade-offs,  a "1  iih/sec  DS(i"  was 
conceived.  'Ihe  1 mli/sec  DSU  assujiies  that  the  data  rate  transfer  requirement 
on  the  DSC)  is  such  tliat  1 data  on  each  cable  could  be  multiplexed  over  one 
1 mb/scc  data  channel.  'Ihe  luuiher  of  bulklieads  penetrated,  LRU  tenninations , 
etc,  remain  the  same  as  for  the  40  mb/sec  subsystem. 

Configuration  data  for  the  wire  and  fiber  optics  concepts  for  a 1 mb/sec 
DSC  are  delineated  and  compared  to  tlie  present  40  nib/sec  DSC  systems  in 
Tables  41  and  42,  respectively.  The  data  were  used  as  input  to  the  D'TI.CC 
model.  The  i.CC  results  were  combined  with  the  LCC  results  for  the  baseline 
40  mb/sec  DvSC  system  ;uid  are  plotted  in  figure  41.  Linear  extrapolation  was 
Huide  to  100  mb/scc.  This  linearity  is  projected  based  upon  the  following: 

1.  Segment  count  and  subsystem  weight  arc  major  cost  drivers. 

2.  Both  arc  proportional  to  the  total  system  bandwidth  above  a 
technological  threshold.  'Ihe  wire  subsystem  is  capable  of  operating 
at  a data  rate  of  1 mlV-'^cc  per  channel.  As  previously  explained,  a 
fiber  optics  capability  of  approximately  20  nh/scc  per  channel  is 
being  used  in  this  study.  Above  these  thi'esholds  more  channels  are 
added,  resulting  in  a linear  incre;ise  in  segment  count  and  weight. 

The  conclusions  that  can  be  reached  arc  as  follows: 

I.  At  data  rates  of  I nh/.'^c'c,  conventional  wire  sulisystems  .are 

ap|)rox imate ly  the  same  cost  as  their  coires]xind i ng  liber  optic  design. 
Ill  is  result  is  consistent  with  the  previous  fimlings  for  .\MUX,  ll^lIiX, 
and  CLLS.  (Refer  to  Section  IV.) 
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T.\BIJ3  41.  CONI-'IQJR^VriON  DATA  I'OR  1 Nffi/SliC  AND  40  MB/Si:( 

WIRi;  DSC  CONChD'l 

40  mli/sec 

1 mli/sec 

Wire  .se4>mcnts  (No.) 

7,22.S 

326 

Cable  length  (ft) 

79,000 

3,770 

Bulkhead  connector  (No.) 

22 

1 

Conduit  (ft) 

220 

10 

Overbraid  (ft) 

365 

18 

Wire  weight  (lb) 

345.9 

16.4 

Bulkhead  connector  weight  (lb) 

7.2 

0.3 

Condu it  we i gilt  (lb) 

20.5 

1.0 

Overbraid  weight  (lb) 

56.1 

2.7 

Total  system  weight  (lb) 

442.  I 

32.8 

rABLh  42.  CONTICURATION  DATA  TOR  1 Nffi/ShC  /\ND  4 

OPTIC  DSC  CONChPTS 

10  MB/ShC  flBCR 

40  mb /sec 

1 mb/ sec 

Cable  segments  (No.) 

400 

166 

Cable  length  (ft) 

6,800 

2,820 

Bulkhead  connectors  (No.) 

14.5 

6.0 

I,RIJ  connectors  (No.) 

58 

58 

filler  cable  weight  (lb) 

48.3 

20.0 

Bulkhead  connector  weight  (Ih) 

3.8 

1.6 

Total  system  weight  ( Ih) 

61.5 

31.0 

5; 


2.  At  data  rates  in  excess  of  2 to  3 mb/sec,  fiber  optics  show  a cost 
advxmtage.  Generally,  two  to  three  wire  channels  ai'c  required  for 
each  fiber  optic  channel. 

3.  The  cost  projection  to  data  rates  of  100  mb/sec  shows  a savings  of 
about  $275  million  for  the  fixed-size  B-1  aircraft  and  about  $525 
million  for  the  rubber  aircraft  fl977  dollars). 

It  should,  however,  be  noted  that  there  is  at  the  present  no  known 
requirement  to  transmit  data  at  rates  of  100  mb/sec. 


iviiiGirr  vliRSus  bmdwidth 

llie  wire  and  fiber  optics  subsystem  weight  for  the  1 mb/sec  and  40  mb/sec 
configurations  are  plotted  in  Figure  42.  Again,  a linear  extrapolation  has 
been  made  to  data  rates  of  100  mb/sec. 

To  quantify  the  potential  cost  impact  of  the  subsystem  weight  delta, 
consider  a future  large  strategic  aircraft  which  utilizes  100  iih/sec  data 
rates.  The  projected  weight  savings  if  fiber  optics  arc  employed  for  data 
transmission  is  approximately  1,000  poiuids  per  aircraft.  Such  weight  reduc- 
tions translate  into  LCC  savings  due  to  weight  of  about  $270  million  if  incor- 
porated during  the  conceptual  design  stage  of  the  aircraft  system. 


cosi'  vdiRsus  vohl)^^•;  oc(tjpation 

As  shown  in  this  study,  replacement  of  wires  with  filiei'  optic  links  will, 
in  most  cases,  reduce  the  vokunc  required  for  the  data  transmission  system. 

In  addition,  the  Supcr-MlIX  concept,  defined  in  this  study,  indicates  that 
multiplexed  fiber  optic  links  would  require  fewer  black  !H).\es  than  multiplexed 
wiring  links,  due  to  the  higher  data  rate  jx-jssible  on  optical  links. 

It  is  believed  that  ajty  reduction  in  volimie  of  the  internal  aircraft  sys- 
tems will  result  in  cost  savings  for  new  aircraft.  These  cost  savings  fall  into 
three  categories. 

The  first  savings  comes  from  a I'cduction  in  engineering  design  comiilexity 
resulting  from  reduced  intcmal  density  in  the  aircraft.  This  results  in 
reduced  engineering  man-hours  during  the  initial  aircraft  design  and  reduces 
engineering  support  during  fabrication  of  prototype  and  production  vehicles. 

The  second  savings  is  reduced  manufacturing  man-houi's  during  the  system 
installation  in  the  aircraft,  fliis  savings  comes  from  reduced  system  volume 
to  install  and  also  from  easier  installations  resulting  from  roiluced  densit>'. 


The  third  savin^js  would  result  from  shrinkin^i  the  aircraft  due  to  the 
reduced  volume  required  (rubber  aircraft).  This  savings  would  be  the  largest 
of  the  three  savings.  However,  it  should  be  noted  that  shrinkage  of  the  air- 
craft would  also  increase  the  intemal  density  thereby,  partially  reducing 
the  savings  from  the  first  two  categories. 

Cost  savings  due  to  volume  were  implicit  in  the  weight  savings,  manu- 
facturing man-hour  estimates,  and  maintainability  factors,  and  thus  cannot  be 
directly  quantified. 


COST  SAVINCS  ASSa:iAlT;i)  UlTII  fIRl  ILMARl) 

In  present-iiay  aii’cratt  design,  coris  i derail  le  design  effort  is  expended 
in  isolating  electi'ical  wiring  fixx.i  fire  hazards  such  as  the  fuel  and  oxygen 
systems.  Substitution  of  filler  optics  for  wiring  would  reduce  the  com]ilexit>' 
ol  routing  design,  pennittin.g  a reduction  in  engineering  man-hours.  Here, 
again,  as  in  the  case  ol  cosi  savings  due  to  volume  reduction,  the  aircraft 
l.CC  does  not  use  the  comi)lexit>’  ol'  routing  design  as  an  input  paixuncter; 
therefore,  this  cost  cannot  be  quantified. 

COST  IMPACr  ON  1X)1\T:R  CONSI^^IPriON 

lor  retrolit  fiber  optics  systems,  the  cost  impact  on  aircraft  iiower 
consumption  as  a result  of  installing  filter  optics  was  examined  using  the 
B- 1 DSCi  subsystem  as  an  extunple.  The  addition  of  fiber  optics  interface 
adaptations  requires  approximately  .'SOU  watts  (0.3  kval . Presently,  the 
B- 1 DSC  subsystem  requires  .30  kva  injnit  power.  The  increase  in  required 
power  as  a result  of  installing  fiber  ojttics  is  less  than  1 percent.  Because 
of  this  small  increase,  no  specific  cost  impact  could  be  identified. 

In  the  new  design  fiber  optics  concepts,  the  LRU's,  as  discussed  in 
.Section  IV,  maintain  the  s;mic  size,  shape,  and  weight  and  consume  the  s;mie 
power  as  in  the  corresponding  wire  configurations. 

DAISY  aiAIN  VLRSUS  .STAR  COUPLLR  (XM’ARLSON 

/\s  .seen  in  lable  4.3,  the  LMU.X  daisy  chain  concept  is  less  costly  than  the 
star  coupler.  Tlie  same  is  true  for  the  D.SG  and  -Super-MUX  subsystems.  Although 
the  star  coupler  designs  require  less  footage  of  fiber  cable,  the  daisy  chain 
designs  have  fewer  fiber  cable  teniiinat  ions,  and,  hence,  have  less  prejiarat  ion 
and  installation  man-hour  costs.  'Ilie  star  coupler  designs  are  also  imu'e  expen- 
sive due  to  the  need  of  a larger  niunber  of  optical  couplers. 
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Cost  categoiy 


Daisy  chain  ($M) 


Star  coupler  ($M3 


Fiber  cable  procurement 

1.4 

.7 

Fiber  cable  preparation 
and  installation 

.7 

1.3 

Fuel  and  tanker 

.6 

.5 

Find  connector  procurement 

..S 

.5 

Initial  and  recurring  OSE 

. 3 

.5 

Y-coupler  procurement 

. 2 

1.4 

Sustaining  engineering 
and  support 

.2 

. 2 

Star  coupler  procurement 

.5 

Other 

.2 

.5 

Total 

6.1 

8.1 

Although  the  daisy  chain 

1 concept  is  less  expensive 

than  the  star 

it  has  one  possible  disadv'antage;  i.e.,  one  LRU  failure  can  render  an  entire 
bus  inoperative  for  data  transmission,  nic  star  coujiler  concept,  in  wliich  the 
I.RIU  transmit  data  over  a central  star  coupler,  does  not  have  this  lu'oblem. 
This  difference  is  not  a serious  consideration,  however,  fhe  I'llUX  and  Super- 
flJX  subsystems  have  redundant  buses,  so  no  single  LRU  is  mission  critical. 


The  DSC  system  is  composed  of  ."52  buses;  they  ai'c  not  redundant.  A failure 
of  one  LRU  would  render  only  this  bus  inoperative,  but  it  would  not  affect  the 
remaining  buses,  for  those  reasons,  the  difference  in  waitimc  effectiveness 
(i.e.,  mission  reliability!  betvveen  the  daisy  cliain  and  stai'  coupler  designs 
was  cons i do  red  neg I i g ib 1 e . 


.M.xr.RNATr,  nr.siGN  (DNCi-prs 


Tko  cost  trade-olT  studies  were  perfoniied  through  evaluation  of  alternate 
fiber  optic  design  concepts  for  the  DSG  and  Super-MUX.  The  LGC  results  of 
these  two  analyses  provide  both  cost/risk  comparisons  plus  the  analytical 
base  for  projections  of  cost  savings  of  future  perfoniiance  levels  of  fiber 
optic  subsystems. 


High  Multiple.x  Rate  DSG  Comparison 

The  baseline  DSG  fiber  optics  interface  adaptation  conc-^pts  employ 
C^DS/SOS  technology  in  up  to  three  parallel  channels.  If  hCL,  rather  than 
ODS/.SOS,  were  to  be  used,  all  DSG  data  could  conceivably  be  ti'ansmitted  over 
a single  channel.  Assessment  of  state-of-the-art  technology  based  upon 
discussions  with  several  systems  houses  indicates  that  the  technological  risk 
is  too  high  to  use  hCL  in  a baseline  concept.  However,  for  cost  trade-off 
and  sensitivity  analysis  purpioses,  the  optimistic  assiunjition  that  hCI.  can  be 
employed  in  the  DSG  has  been  made  and  the  resulting  subsystem  described  in 
sufficient  detail  for  cost  analysis  to  be  perfomed.  It  has  been  assumed  that 
the  primaiy  impact  of  cmplo>TTient  of  ECL  technology  is  to  reduce  the  nimiber  of 
fiber  optics  channels.  The  reliability,  weight,  dimensions,  power  consimiption, 
cost,  etc,  of  the  EGL  interface  electronics  have  been  assumed  to  be  the  sajiie 
as  that  for  DIOS/SOS. 

I'or  the  tNyical  DSG  data  bus,  it  is  estimated  that  a multiplex  rate  of 
40  megabits  per  second  would  be  required  in  the  ECL  concept,  versus  18  megabits 
ivt  second  for  the  QKIS/.SOS.  This  higher  data  rate  would  require  the  LED  rise- 
time to  be  reduced  from  20  to  about  10  nanoseconds.  Since  the  I.LD  used  in  the 
DSG  baseline  does  not  iniierently  have  this  capability,  a speedup  network  would 
be  required. 

Receiver  sensitivity  would  drop  4 db  in  going  to  the  higher  data  rate. 

The  star  coupler  design  concept  cannot  absorb  this  additional  loss.  The  daisy 
chain  design  concept  can  absorb  4 db  loss  by  raising  the  LED  output  from 
2 milliwatts  (3  dbm)  to  5 milliwatts  (7  dbm) . The  minimum  link  margin  for  this 
concept  would  then  be  luichanged. 

Table  44  shows  a comparison  of  the  physical  characteristics  of  tiie  (AXES/ 
SOS  a]td  liCh  DSG  daisy  chain  (new  design)  fiber  optics  concept. 
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TABI.Ii  44.  DSC  .MilV  DliSH?^!;  DAISY  GLMN'; 
COMl’.MIISON  Ol-  PID'SKIM,  GLAlUCTliRISTICS  I'OR  CMDS/SOS 
/\ND  liCL  TliGNOLOGIliS 


ems/sos 

ECL 

Tiber  cable  segments 

(quantity) 

400 

158 

Tiber  ciible  length 

(feet) 

6,900 

2 , 590 

Bulkliead  connectors 

(quiint  ity ) 

14.5 

5.7 

LRU  connectors 

(quantity) 

58 

58 

Tiber  cable  weight 

(pounds) 

48.5 

18.5 

Connector  weight 

(pounds  j 

11.5 

9 

Total  system  weight 

(pounds ) 

62.5 

29.2 

These  data  were  input  to  the  DTLCC  model  alon^;  with  the  cost  factors 
used  in  the  baseline  LCC  evaluations  (Section  III).  The  coinpa7'ati ve  I'esults  | 

are  displayed  in  Table  45.  The  high-risk  40  mb/sec  F.CI.  concept  offers  a cost 
savings  of  $b.4  million  over  that  of  the  lower  risk  18  mb/sec  OIOS/SOS 
concept. 


Ti\Bhh  45.  DSC  LCC  COIDLVRISON  (DAISY  GLMN) 


(All  costs  in  Millions  of  1977  Dollars') 


IVi  re 

GiDS 

ECL 

RDT^E 

0.0 

5.1 

5.1 

ACQ 

55.5 

9.2 

4.5 

O&S 

63.2 

2.4 

0.9 

LCC 

116.7 

16.7 

10.5 

Alternate  Sui'jcr-MlJX  Configuration 

An  alternate  configuration  for  the  Supcr-MIDC  star  coupler  subsystem  has 
been  conceived  whidi  employs  a 37-fibcr  cable  instead  of  the  19-fibei'  calile 
employed  in  the  basic  configuration.  Tlie  alternate  concejit  replaces  the 
Y-coupler  in  the  basic  concept  with  a cable  bifurcation  similar  to  that 
employed  by  Spectronics  in  thei?’  10  mli/scc  fibei'  ojitics  tlemonsti'at  ion  bus. 
The  Y-coupler  is  employed  in  the  basic  configuration,  rattier  tlian  the  bifur- 
cation, basically  because  (1)  tlie  use  of  a \'-couiiler  allows  the  data  link  to 
be  made  with  a 19-fiber  cable,  rather  than  the  iiKire  expensi\o  and  heavier 
57-fiber  cable  and,  (2)  the  Y-cablc  concept  was  iirel'erred  fixmi  installation 


- ^ 


f and  iiumul'actur ing  points  of  view.  The  Y-coupler  concei:)t  makes  use  of  stamiard 

\ tennination  tecliniques,  whereas  bifurcation  would  be  a new  and  complex  manu- 

■ factor ing  process. 

[ 

1 A comparison  of  the  basic  configuration  and  the  alternate  is  shown  in 

I Table  46.  The  alternate  shows  improvement  in  the  projected  link  margin. 

j 

I .Xji  l.(Xi  evaluation  for  this  design  concept  yielded  a total  IXX;  of 

f 1,118.5  million,  as  shown  herein.  This  represents  a cost  saving  of  only 

I $700,000  over  the  baseline  19-fiber  Super-MUX  star  coupler  configuration, 

i 
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(1977  $ Millions) 


Cost 

Element 

Wire 

19  fibers 

37  fibers 

RUTtiE 

28.9 

28.9 

ACQ 

1,102.7 

839.2 

838.6 

OliS 

201.1 

251.  1 

251.0 

LCC 

1,305.8 

1,119.2 

1,118.5 

I’lBliR  OFflCS  IN  AD\i\\X:i;i)  CX1^11\')SITI•:  AIRCRMT  STRlIC'llIRliS 

Near-tenii  application  of  composite  materials  is  predicted  to  be  primarily 
as  covers  for  wing  and  emiiennage  structures  as  well  as  specific  sccondaiy 
structural  components  of  the  fuselage.  Tor  the  B-1,  the  difference  in  the 
TMI’  level  offered  by  composites  and  tliat  offered  by  the  present  skin  of  tlie 
B-1  is  about  40-50  db . 'Ilie  present  wire/shielding/conduit  design  in  the  wing 
and  empennage  areas  are,  however,  overdesigned  ;md  c;ui  handle  these  additional 
levels,  llic  "overdesign"  was  prompted  by  an  economic  decision  to  require  one 
level  of  i:M1’  protection  foi'  all  circuits  in  the  entire  aircraft  rather  tlian 
, tailoring  the  protection  to  the  specific  aircraft  area.  The  result  is  tliat 

[ ' all  areas  are  designed  to  the  wor-^t  case,  resulting  in  "overdesign"  in  several 

I areas.  Thus,  the  results  obtained  in  the  TO(i\l’  study  would  be  unaffected  by 

the  cm]Uo>anent  of  composites  on  tlie  B-1. 

I 

Tor  other  aircraft,  the  cmplo}7itent  of  composites  may  rec(uire  the  addition 
of  shielding  to  compensate  for  tlic  loss  of  protection  of  the  skin.  Tlie  use  of 
ahuninimi  conduit  or  single  overbraid  would  sujiply  about  the  same  level  of 
' protection  as  the  skin.  This  additional  weigiit  impact  would  depend  upott  tlie 

numher  and  length  of  wire  cables  that  could  be  replaced  liy  filler  caliles.  fin 
the  B-1  aircraft,  only  a small  percentage  of  wires  tliat  were  candidates  for 
fiber  cables  were  located  in  the  wing  and  emjiennage  areas. 

I 
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T/XBi.i;  46.  BASIC/ Ai;n;i^vn-;  sijpi;r-mux  coNi-KiuimTiONS  comP/\rison 


Charactei'ist  ic.s 


Has  ic 


Alternate 


Fiber  cable  used 

“'io.  of  fibers 

19 

37 

lvt/1,000  ft  (lb) 

7 

9 

Total  required  (ft) 

830 

830 

No.  of  segments 

198 

198 

Total  weight  (lb) 

5.8 

7.5 

No.  of  bi  fui’cations 

- 

62 

Cost  ($/ft) 

2.00 

4.0 

Y-couplers  employed  (.No.) 

62 

- 

Y-coupler  weight  (lb) 

3. 1 

- 

Star  couplers 

8 

8 

Cionnectors 

55 

55 

I.IiD  output  (mi  1 1 iwatt ) 

5 

2 

Minimimi  link  margin  (db) 

7 

9 

I'otal  subsystem  weight  (lb) 

1114.8 

1113.4 

*llnit  cost  for  .S7-fibcr  cables  assiuned  to  be  twice  that  of 

19- fiber  cables. 

COS  T DR  I \T.RS  [ D!  Xl'  1 1-'  I CXI'  I ON 


Those  fiber  optic  subsystems  which  offer  potential  IXXi  savings  were  | 

ex;unined  in  detail  to  create  a prioritised  list  of  cost  driv'crs  for  fiber 
optics  application.  The  new  design  DSO,  liMllX,  aiid  Super-MUX  configurations 
were  selected  for  this  exercise.  Figure  45  illustrates  the  major  contributors 
; to  LCC  for  these  three  subsystems.  RUTljF.  cost  for  Super-MUX  is  included  under 

the  categoiy  "Other." 

Examination  of  these  results  provides  the  following: 

1.  The  major  cost  drivei's  are  similar  for  the  DSO  and  IMJX,  .Xside 

from  nonrecurring  costs  (RUTf,!:) , the  predominant  cost  items  are  | 

associated  with  procurement  and  installation  of  the  fiber  caliles.  i 

Thus,  for  a giv^en  configuration  with  associated  seginent  count  and  j 

^ total  footage  of  cable,  the  unit  procurement  cost  and  the  man-houi's  j 

required  to  prepare  and  install  cable  segments  are  major  cost  param- 
eters. ITie  subsystem  w'eight,  which  directly  affects  fuel  and  tanker 
support  costs,  is  also  a significant  item. 

2.  The  Super-MUX  configuration  is  dominated  by  the  pi'ocurement  cost  and 

reliability  of  now  computers.  ’ 

Table  47  provides  a further  breakdown  of  the  costs  associated  wdth  the 
filler  optic  DSC,  along  with  a comparison  to  those  of  the  wire  DSC  configuration. 

The  data  indicate  that  cable  segincnt  coimt  reduction  and  subsystem  weight 
reduction  ai'c  the  two  most  important  cost  drivers  in  LCC  savings.  Cable  main- 
tenance, cable  preparation  and  installation,  and  cable  procurement  are  all 
affected  by  the  segment  count,  and  the  weight  savings  is  translated  into  fuel 
and  tanker  support  for  the  fixed  size  B~l. 

Wien  the  B- 1 results  arc  extrapolated  for  a rubber  a i 7-craft,  the  subsystem 
Vvcight  i-cductioi7S  become  the  pi'cdominant  cost  par;micter  foi-  LCC  savings.  I'oi"  I 

the  DSC  weight  deci'case  of  380  poiuids  per  aii'craft,  over  50  percent  of  tl7C 
total  projected  LCC  savings  is  attributable  to  the  I’cduction  in  weight. 

The  I'csults  of  both  tiic  sensitivity  analyses  and  the  cost  ti'ade-offs  also 
itlcntificd  additional  cost  drivci's.  The  adaptation  cost  to  modify  an  elec- 
ti'onic  LRU  for  clccti'o-opt  ical  conversion  affects  LCC  savings  on  the  DSC  at 
about  $20,000  per  dollar  change  to  the  baseline  LRU  cost.  Data  i-ate,  as 
translated  into  additional  wii'c  oi-  fibci'  optic  segments,  has  also  been  shown 
to  be  a significant  cost  driver.  The  impact  of  data  I'ates  on  subsystem  weight 
is  also  v'ei’)'  important  when  consitku'etl  fo7-  future  aiz'ci'aft  s\stems  ivhei'e  the 
iveight  savings  cascade  th7'oughout  the  total  a i i-  vehicle. 

Uther  parametei's  displaying  a substantial  ini'luence  ovei'  the  LC('  savings 
include  the  I'elative  price  of  wii-e  ainl  fiber  optic  cable  and  the  failure  rate 
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E'igurc  43.  Cost  drivers  for  candidate  fiber  optic  subsystems 


TARLi:  47.  DSC:  l.CC  CONTRIBimONS  - I<Y  1977  $ Mll.LIO.NS 

(DAISY  CHAIN,  NSW  DliSICN)  I 


Cost  category 

Wire 

Wire  (%) 

FO 

FO  (?.) 

Savings* 

Segment  maintenance 

49.4 

42 

0.4 

2 

49.0 

Segment  preparation  and 
installation 

36 . 3 

31 

2.7 

16 

33.6 

Fuel  and  tanker  support 

11.0 

10 

1.5 

9 

9.5 

Cable  procurement 

10.8 

9 

4.8 

29 

6.0 

Initial  and  recurring  OSl; 

4.6 

4 

.8 

5 

3.8 

F,nd  connector  procurement 

2.4 

2 

, 7 

4 

1.7 

Bulkliead  connector 
procurement 

1.2 

1 

.2 

1 

1.0 

Condu  i t [1  rocurement 

.7 

1 

.0 

0 

.7 

Other 

.2 

0 

.0 

0 

.2 

Sustaining  engineering 
and  SLijiiiort 

0 

0 

.5 

3 

-.5 

RDTlii; 

0 

0 

5.  1 

31 

-5. 1 

Total 

116.7 

100 

16.7 

100 

100.0 

A 

Minu-s  sign.s  indicate  added  costs  ratlicr  than  savings 
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of  wire  cable  segments.  Of  lesser  importance  to  the  I.CC  savings  with  fiber 
optic  subsystems,  at  least  witliin  the  reasonable  range  of  variation,  are  seg- 
ment pi'eparation  and  installation  man-hours  and  segment  repair  times.  The  pro- 
curement cost  of  the  conduit  and  overbraid  used  for  bMl/TMI’  protection  in  wire 
subsystems  is  not  a major  cost  driver. 
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Section  VI 
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CONCLUSIONS  AND  RliCOMMLNDATIONS 


CONCLUSIONS 

The  follou^iig  conclusions  hav^e  been  reached  as  a result  of  the  study: 

1.  The  teclmology  of  fiber  optics  data  transfer  systems  can  support  the 

use  of  fiber  optics  in  a large  aircraft  like  the  B-1.  The  basic 
components  of  the  fiber  optics  data  links  {fibers,  connectors,  ter- 
minations, 1 ight- emitting  diodes  (LHU's)  and  photodetectors)  arc 
available  and  can  be  obtained  in  production  quantities.  Interface 
adaptation  units  are  not  available  but  can  be  developed  using  exist- 
ing technology.  Integration  of  fiber  optics  data  transfer  systems  j 

and  testing  to  military"  specifications  is  yet  to  be  accomplished. 

2.  Implementation  of  fiber  optics  in  large  aircraft  such  as  the  B-1 
can  result  in  substantial  weight  and  life  cycle  cost  (LCC)  reduction 
-Significant  benefits  occur  primarily  when  high  data  rate  capability 
is  required  or  can  be  implemented  through  multiplexing  techniques. 

I'or  future  inilitaTy  aircraft  with  data  rates  in  excess  of  40  mlV-'^cc, 
the  LCC  reduction  can  be  significantly  larger  than  that  projected  for 
the  B-1  (Mgure  41). 

7).  The  potential  LCC  savings  of  fiber  optics  is  mainly  due  to  substan- 
tial reductions  in  cable  segment  count  and  the  associated  weight 
decrease.  These  savings  are  realized  in  both  aircraft  acquisition 
cost  {manufacturing  labor  and  material)  and  operations  and  support 
costs . 

4.  The  LCC  payoff  is  largest  during  the  conceptual  design  stages  when 
the  cascading  effects  of  weight  reduction  can  be  realized.  Ihe 
weight  reduction  under  these  ci rcuinstances  can  contribute  to  a 
potential  LCC  savings  of  several  lumdred  million  dollars. 

Ulicn  the  design  has  matured  beyond  the  conceptual  stage  and  aircraft 
size  is  fixed,  .smaller  but  significant  LCC  reductions  can  be  achieved 
if  existing  wire  LRU's  are  converted  to  fiber  optics  at  a production 
change  point  by  replacing  the  wire  input/output  sections  with  fiber 
optics  input/output  sect  ons. 

RliCCNMliNDATlONS 

/\s  a result  of  this  study,  it  is  recommended  that  fiber  optics  data 
transfer  systems  be  considered  for  all  future  military  aircraft,  especially 
when  data  rates  in  excess  of  2-7>  mli/sec  are  required.  To  minimize  the 
technological  risk,  the  following  is  encouraged: 
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1.  More  environmental  testing  of  components  and  systems.  Temperature 
and  aging  effects  of  liiD's  should  be  tested  and  better  documented. 
More  vibration  and  strength  tests  on  cables  should  be  performed, 
defining  optimal  use  of  strength  members,  and  considering  termination 
and  splice  points.  Nuclear  effects  on  components  should  be  more 
fully  e.xplored,  so  that  both  transient  and  permanent  effects  on 
system  performance  can  be  confidently  predicted. 

2.  Advancement  of  manufacturing  technology  is  required  in  tivo  areas  to 
reduce  cost  and  risk. 

a.  Large  variances  in  LHD  output  within  a single  lot  which  are 
currently  being  experienced  should  be  eliminated.  This  wilJ 
lead  to  more  rigorous  perfonnance  predictability  for  the  designer 
and  larger  yield  factors  for  the  manufacturer. 

b.  Improved  and  standardized  cable  temination  teclmiques  should  be 
developed. 

3.  Development  of  military  standards  for  fiber  optics  components  and 
systems  should  be  pursued. 

4.  Because  of  the  synergistic  effects  of  multiplexing  and  fiber  optics, 
an  LSI  package  integrating  high-speed  multiplexing  (above  50  mb/scc) 
and  fiber  optics  should  be  developed. 

5.  A fiber  optics  data  link  meeting  sophisticated  data  transfer  require- 
ments for  aircraft  applications  should  be  built  and  flight  tested  to 
demonstrate  technology  under  dvTiamic  conditions. 
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Appendix  A 


MBIiR  OPTICS  COMIWL'NTS  DATA  Bj\NK 


A fiber  optics  components  data  bank  was  compiled  at  Rockwell  in  support  of 
an  IRIiD  study  of  tiic  feasibility  of  implementing  fiber  optics  into  the  B-1 
defensive  subsystem  group  (DSC)  Ihls  data  bank  lias  been  continuously 
updated  as  more  infonnation  has  become  available.  Tables  A-1  through  A-5 
siuTimarize  tlie  characteristics  of  fiber  optic  caliles,  connectors,  coujilers, 
LHD's.  and  photodiodes. 

In  the  course  of  gathering  infonnation  for  the  data  bank,  many  contacts 
have  been  established  with  government  agencies,  suppliers  of  fiber  optics  com- 
ponents and  systems,  and  research  and  development  companies.  Ihe  agencies, 
suppliers,  etc.  are  listed  in  Table  A-6  along  with  addresses,  persons  con- 
tacted, and  telephone  numbers.  All  have  been  extremely  helpful  and  infonna- 
tive,  supplying  data  slicets,  reports,  and  infonnation  about  fiber  optics 
data  transmission  components  and  systems. 


^N/\-7(i-.'S().S,  "I’otential  Application  of  fiber  (l]it  i cs  Data  Transfer  to  B 1 DSC,” 
Rockwell  International,  l.os  Angeles  Aircraft  Division,  SO  September  1070. 
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aimCTHRISTICS  OF  FIBIiR  OFIIC  CABU:S  fCONT) 


□ lARACriiRISTICS  OF  FIBFR  OF^TIC  CABLFS  (CONT) 


TABLE  A-1.  CHARACTERISTICS  OF  FIBER  OPTIC  CABLES  (CONT) 


CflARACTliRISTICS  OF  FIBF:R  OFI'IC  CABLF'S  (CON’l  ) 


■ 


AD-A049  S59 


UNCLASSIFIED 


ROCKWELL  international  LOS  ANGELES  CALIF  LOS  ANGELE— ETC  F/G  20/6 
FIBER  OPTICS  COST  ANALYSIS  PROGRAM  (FOCAP).(U) 

SEP  77  C C ZELONf  J E CASSIDY*  R 6 SHIPlEY  F33615-76-C-1260 


NA-77-729 


AFAL-TR-77-190 


TABLE  A 1.  aiARACTERISTICS  OF  FIBER  OPTIC  CABLES  (CONCL) 


Kevlar  strengthened  Tl-rZl-L 


TABLI-;  A- 2.  aiARACTI-RISTICS  OF  CONNliCTORS 


Designation 

Manufacturer 

Descript  ion 

Weight 

(03)  j 

Status 

I'iber  Bundles 

l)PK.\-34 

ri'iy Cannon 

16-channel  rack  and 
]ianel 

DPKB-S4 

fPr/Caiuion 

16-channel  rack  and 
pane  1 

PV-14 

1 ir/Cannon 

Single- channel 

PV-tyjie  bulkliead 

PV-  1 8 

I'l'l'/Caiuion 

Single-channel 

PV-ty]ie  bulkhead 

PV 

ri'i'/Cajinon 

Multiple- channel 
bulkhead 

BNC-Ol 

rri'/Cannon 

Single-channel 
BNC-type  bulkliead 

SM/\-01 

1 IT/Caiuion 

Single-channel 
SMA-ty]ie  bulkliead 

905-101/ 

905-5005 

Ampheno 1 

Single-channel 
bul  kliead 

905-119-5018 

Anpheno 1 

Cable  plug  for*"^^ 
Coming  L500 

905-  119-500(1 

/\mpheno  1 

Cable  plug  for^^^ 
Corning  5010, 

Galite  2000 

905-119-5005 

Ampheno 1 

Cable  plug  for^^^ 
Corning  501.5 

(a) 

"^Cable  plug  includes  ferrule  and  locknut  assembly. 
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TABU-  A- 2.  CHARACTRRISTICS  OF  CONNliCI'ORS  (CONT) 


Designation 

Manufacturer 

Description 

Weight 

(oz) 

Status 

Fiber  Bundles 

905-119-5004 

Amphenol 

Cable  plug  for^^^ 
Coming  5015 

Available 

905-119-5007 

Anphenol 

fal 

Cable  plug  for^ 
Galite  3000-7 

Available 

905-119-5008 

/imphenol 

Cable  plug  for^^^ 
Galite  3000-19 

Available 

905-119-5011 

Anphcno 1 

fal 

Cable  plug  for^ 
Valtec  PC-05-07 

Aval lable 

905-119-5012 

Anphcno 1 

Cable  plug  for^^^ 
Valtec  PC-05-12 

Available 

905-119-5013 

/\mphenol 

Cable  plug  for*^^^ 
Valtec  PC-05- 19 

Available 

905-119-5014 

Anplicno  1 

Cable  plug  for^^^ 
Valtec  PC- 05- 37 

Available 

905-117-5000 

Anidieno  1 

Flange-mounted 

receptacle 

Available 

905- 118-5000 

Anpheno 1 

Printed  circuit 
receptacle 

Available 

905- 1 19-0000 

1 

Aiiphcno  1 

Multicablc  bulkhead 
connector 

1 

Ava i 1 ab 1 e 

r 3^ 

"^Cable  plug  includes  ferrule  and  locknut  assembly. 
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TABLE  A- 2.  CHARACTERISTICS  OF  CONNECTORS  (CONT) 


I 

' I 

,1 

•T 

A 


Designation 

Manufacturer 

Description 

Weight 

(oz) 

Status 

Fiber  Bundles 

b507 

NELC/ 

Sealectro 

Single-channel 
pressure  bulkliead 

0,8 

Demonstration 

A- 7 AlIlFl 

NliLt: 

Single- channel 
ferrule/connector 
bulkhead 

Demonstration 

A- 7 y\1.0FT 

1BM-L20-2421 

IBM 

Single-channel 

bulkhead 

0.5 

Ik'inonstration 

A- 7 AI.OFT 

J2-3 

JX'utscJi 

Three-channel 

bulkhead 

0.8 

Developmental 

20- K) 

Deutscli 

16 -channel 
bulkhead 

2.9 

Developmental 

22-20 

Iknitsch 

20- channel 
bulkhead 

. 3 . 3 

Developmental 

.ANU’ 

Single-channel 

ferrule/connector , 
bulkhead 

0.5 

Available 

Single  I'iliers 

Deutsch/ 

Coming 

Six- channe 1 , 1 inear 
array  of  glass 
alignment  rods 

lixjx'rimental 

Hughes 

Single  fiber 

Experimental 

184. 


Des ignat ion 


Manufacturer 


Descrij^t  ion 


Iv’c  i gh  t 
(oz) 


Status 


Single  fibers 


B\R  c;- 10 

Bell- 

Northern 

Single-channel 

bulkhead 

Available 

905- 1 19- 
5022 

/Xiiipheno  1 

Single  channel  - 
use  with  PFXS120R 

Available 

TABLE  A- 3.  CHARACTERISTICS  OF  COUPLERS 


TABLE  A-4.  CHARACTERISTICS  OF  LED'S 


ipectronics 


TABLE  A- 4.  CHARACTERISTICS  OF  LED'S  (CONT) 


TABLE  A-4.  CHARACTERISTICS  OF  UiD'S  (CONT) 


SUE  102  1 1 IS  O.lOmlV  S Aval  lab 


TABLK  A-4.  CHAR.\LTI;RISTICS  OI-  LliD'S  fCONClJ 


TABLE  A- 5.  CHARACTERISTICS  OF  PHOTODETIiCTORS  (CONTJ 


IJiri  450  IJDT  ().,S5  ''.5-0.5  2.5  50  Available 


CHARACTERISTICS  OF  PHOTODETECTORS  (CONCL) 


(3)Single  fiber  integral  with  BNR  D-5-2. 


TABLIi  A- 6.  OUTSIDE  CONTACTS 


Agen:y / suppl ier 

Contact 

Telephone  number 

Air  Force  Avionics  Lai), 

WPAI-'B 

Dayton,  Ohio  45433 

Ken  Trumble 

(513)  255-4594 

American  Optical 

Southbridge,  Mass.  01550 

Walt  Sigmund 

(617)  765-9711 

Amphenol 

Danbury,  Conn.  06810 

Allen  Kasiewicz 

John  Makuch 

(203)  743-9272 

AMP  Corporation 

Harrisburg,  Pa.  17105 

Terry  Bowen 

(717)  564-0100 

Bell-Northern  Research 

Ottawa,  Canada  K1Y4H7 

Barry  Kirk 

(613)  596-2305 

Bendix 

Electrical  Components 

Division 

Sidney,  N.Y.  13838 

Joel  Bouvier 

(607)  563-9511 

ITie  Boeing  Company 

Seattle,  Wash. 

Dave  Porter 

(206)  655-5887 

Bunker- Ramo 

Electronic  Systems  Division 
Westlake  Village,  Calif. 

91359 

Howard  Parks 

(213)  889-2211 

Collins  Radio  Group 

Dallas,  Tex.  75207 

Bob  [foss 

(214)  690-5000 

Coming  Glass  Works 

Corning,  N.Y.  14830 

Roy  Love 

(607)  974-8812 

Deutsch  Company 

Los  Angeles,  Calif.  90009 

Frank  Rolierts 

(213)  649-1400 

IXiI’ont 

Wilmington,  Del.  19898 

Ken  Kamm 

Ron  Fergason 

(302)  774-7850 

TABU:  A- 6,  OUTSIDE  CONIACTS  (CCKT) 


Agency/ supp 1 ier 

Contact 

Telephone  number 

Los  Aiigeles,  Calif.  90017 

1 

Fiamon  Nkirjjhy 

(213)  484-8780 

Fairchild  Microwaves 

Palo  Alto,  Calif.  94303 

Tom  Courtney 

(415)  493-3100 

Fiberoptic  Cable  Corp. 
Framingham,  Mass.  01701 

Art  F iddes 

(805)  642-3765 

Fairchild 

Space  and  Defense  Systems 
Syosset,  N.Y.  11791 

Gerald  Buhl 

Envin  Wolf 

(516)  931-4500 

Galileo  Corporation 
Sturbridge,  Mass.  01518 

Rod  Anderson 

Carry  Owen 

(617)  347-9191 

Harris  ESD 

Scott  Broadway 

(305)  727-4000 

Melbourne,  Fla.  32901 

Roy  McDevitt 

(305)  727-4482 

Hew 1 e tt - Packard 

Palo  Alto,  Calif.  94303 

Hans  Sorenson 

(415)  493-1212 

Hughes  Aircraft  Company 
Culver  City,  Calif.  90230 

John  Calvert 

(213)  591-0711 

Hughes  Aircraft  Company 
Irvine,  Calif.  92705 

Norb  Moulin 

(714)  549-5723 

IBM,  Federal  Systems 

Division 

Oswego,  N.Y.  13827 

Les  Masiowski 

(607)  687-2121 

International  Fiber  Optics 
San  Diego,  Calif.  92138 

Carl  Porter 

(714)  565-7171 

rrr  cannon 

Santa  Ana,  Calif.  90702 

Ken  Fenton 

Ron  McCartney 

(714)  557-4700 

1 
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TABLE  A- 6.  OUTSIDE  CONTACTS  (CONT) 


/^cncy/supplier 

Contact 

Telephone  number 

riT.  liO  I’roducts  Division 
Roanoke,  Va.  24019 

Bob  Williams 

Ted  Babcock 

(703)  563-0371 

Laser  Diode  Lal^oratory 
Metuchen,  N.J.  08840 

Tom  Stockton 

(201)  549-7700 

Lockheed- California 

Burbank,  Calif.  91503 

Floyd  McLerran 

M . Zaman 

(213)  847-6121 

Me ret,  Inc. 

Santa  Monica,  Calif.  90404 

David  Medved 

(213)  828-7496 

Naval  Ocean 

Systems  Center 

San  Diego,  Calif.  92705 

Lt.  Cdr.  Tins  ton 

(714)  225-7553 

Poly-Optics  Inc. 

Santa  Ana,  Calif.  92705 

Michael  Myers 

(714)  546-2250 

RCA  Electro  Optics 

Lancaster,  Pa.  17604 

Jim  O'Brien 

(717)  397-7661 

Rockwell  Science  Center 

Ihous and  Oaks , Calif.  91360 

Dr.  Alfred  S.  Joseph 
Dr.  Fred  A.  Blum 

(805)  498-4545 

Sandia  Laboratories 

Livermore,  Calif.  94550 

Clifford  Skoog 

(415)  455-2556 

Schott  Optical  Glass 

IXjryea,  Pa.  18642 

Tom  Johnson 

(717)  457-7485 

SiiAIdiCmo  Corporation 

Sherman  Oaks,  Calif.  91423 

Howard  Kay 

(213)  990-8131 

t 

? ' 
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TABLE  A- 6.  OUTSIDE  CONTACTS  (CONCL) 


] 


Ageiicy/supplier 

(Contact 

I'elephone  number 

Singer 

Kearfott  Division 
Littlefalls,  N.J.  07424 

Tim  Rogers 

(201)  250-4000 

Spectronics,  Inc. 

Richardson,  Tex.  75080 

Dr.  Bob  Baird 

Larry  Stewart 

C214)  234-4271 

Texas  Instruments 

Dallas,  Tex.  75222 

Cene  Dierschke 

(214)  238-4501 

United  Detector 

Santa  Monica,  Calif.  90905 

Don  Dooley 

(213)  390-3175 

Valtec,  Fiber  Optics 

Division 

West  Boylston,  Mass.  01583 

Richard  Cemey 

(017)  835-0082 
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Appendix  B 


NucLiiAR  lipri-crs 


The  B-1  is  a strategic  aircraft  designed  to  perform  its  mission  and  to 
survive  when  exposed  to  nuclear  explosions.  The  nuclear  effects  on  fiber 
optics  data  transmission  systems  are  of  major  importance,  llie  effects  of 
electromagnetic  pulse  (ENIP) , prompt  gamma  (gamma  dose  rate) , total  gamma 
dose,  and  neutron  flux  on  fiber  optics  data  transfer  components  and  systems 
are  discussed  in  this  appendix. 


lJ»tP  PROTECTION 

Fiber  optics  cables  transmit  information  via  photons  rather  than  elec- 
trons and  are  nonconductive  and  noninductive.  They  are  completely  immune  to 
[•NIP,  so  the  total  BIP  problem  is  considerably  reduced  by  using  fiber  optics 
transmission.  The  bulkhead  connectors  for  fiber  optics  cables  are  similar  to 
those  for  electrical  connectors,  except  that  no  electrical  connection  through 
the  bulkhead  is  needed.  Thus,  the  existing  IM’  protection  technology  for 
electrical  connectors  can  be  applied  to  fiber  optics  connectors.  The  inter- 
face adaptations  (lA's)  used  in  a fiber  optics  data  system  contain  electrical 
circuitry,  but  do  not  require  protection  from  IMP  when  the  host  I.RU's  are 
inside  a shielded  bay.  If  the  LRU's  were  not  in  a shielded  bay,  the  fiber 
optics  connectors  would  have  to  be  equipped  with  a conductive  tube  whose 
length  is  four  times  its  diameter.  The  metal  poition  of  the  connector  could 
be  considered  as  a part  of  the  tube,  llicrefore,  existing  technology  can  be 
utilized  to  effectively  harden  a fiber  optics  transmission  system  to  the  IIMP 
environment. 


TRANSlIiNT  RADIATION  EFFECTS  ON  ELECTRONICS  (TRliE) 


FIBERS 

Ionization  caused  by  either  gamma  radiation  or  neuti'on  flax  "eciuivalcnt 
ionization”  results  in  an  increase  in  optical  fiber  absonition.  This 
increased  absorption  is  characterized  by  a transient  maximum  during  a radia- 
tion pulse,  and  a recovery  toward  preexq^osure  levels  aftenvard.  The  transient 
absorption  increase  may  be  orders  of  magnitude  higher  than  the  residual 
permanent  increase.  ITie  recovery  of  a plastic  clad,  pure  fused  siliers  fiber, 
taken  from  Reference  B-1  and  shown  in  Figure  B-1,  shows  t>T)ical  characteris- 
tics. Tlie  plot  presents  measurements  of  absoiq^tion  normalized  to  the  maximimt' 


m 


I 

I 
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for  several  light  wavelengtlis  and  various  doses  of  gajiiina  radiation.  The  data 

show  that  for  a given  fiber  t>^^e,  the  reeoveiy  pattern  has  a siniilai'  fonii  for  i 

different  doses  and  for  different  wavelengtlis  of  tnmsmitted  light.  I 

The  fiber  absolution  increase  is  a fiuiction  of  the  temperature  of  the 
fiber,  figure  B-2  (Reference  B-2)  illustrates  the  temperature  deiiendence  of 
the  maximinn  attenuation  due  to  a given  radiation  dose.  Hie  rate  of  recovery 
from  the  maximimi  is  also  temperature  deiiendent,  as  shown  in  figure  B-.S 
(.Reference  B-2).  Hie  temperature  dejiendence  function  is  unique  to  eacli  fiber 
type,  for  exiuiijile,  the  recovery  cui-ve  for  a similar  fiber,  shown  in  figure  B-4  j 

(Reference  B-2),  demonstrates  a pattern  dissimilar  to  that  of  figure  B-.S. 

llie  total  absoiiition  after  exjiosure  to  the  B-1  nuclear  environment  was 
computed  for  several  tyqies  of  fibers  using  data  from  suppliers  and  from 
References  B-1,  B-2,  and  B-.^.  ilie  results  are  listed  in  Table  B-1.  The  fibers 
fall  neatly  into  two  categories:  fibers  having  absolution  greater  than  | 

1,000  db/km  and  those  having  total  absolution  less  than  100  db/km. 

In  addition  to  alisorjition  increase,  a burst  of  ionizing  radiation  causes 
an  optical  fiber  to  fluoresce.  Tlie  fluorescence  is  initiated  during  the  burst  i 

and  continues  for  a brief  interval  thereafter  (approximately  2 microseconds).  ^ i 

The  intensity  reduces  exponentially  following  the  pulse  and  is  nearly  zero 
at  the  end  of  the  interval.  The  intensity  is  linear  with  dose  rate  and  fiber 
length.  At  sufficiently  high  dose  rates  and  fiber  lengths,  the  light  inten- 
sity can  rise  beyond  the  maximum  acceptable  by  the  photoelectronic  devices; 
however,  the  total  energy  transmitted  to  them  is  not  significant.  The  effect 
of  the  combination  of  liuninescence  and  absorption  is  that  the  luminescence 
appears  as  a brief  spike  despite  the  absoiqition,  and  thereafter  the  absorption 
cancels  the  luminescence  effect  and  is  seen  as  a decaying  fimction  toward  a 
permanent  postexiiosure  level.  Such  an  effect  is  shown  in  Figure  B-5 
(Reference  B-1). 

At  B-1  specification  levels,  the  effect  of  fluorescence  will  be  seen  as  ' 

a signal  output  of  the  same  order  of  magnitude  as  the  true  signal  or  less. 

Ilie  duration  of  this  spurious  signal  will  be  less  than  2 microseconds. 


II^liRl'ACF  ADArrATlONS 
Tight  Fiiiitting  Diodes  (LFD's) 

TFD's  are  susceptible  to  gamma  radiation  and  suffer  degradation  at  liigh 
total  gamma  dose  levels.  At  10^  rads  (Si),  the  quantiun  efficiency  of  TTD's 
is  reduced  to  50  percent  (References  B-4  and  B-5).  Above  this  value,  tl.e 
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SCHOTT  VITREOUS  SILICA  FIBERS 


l'igureB-3.  Recover)'  of  transient  absorption  in  schott  vitreous  silica  filx'rs 


CORNING  LOW  LOSS 


Figure  B-4.  Recovery  of  absor|:)tion  versus  time  for  coming  low- loss  (txpe  B)  fibers 


T.mE  B-l.  ABSOm'lON  AI-TliR  NUCLIiAR  liXPOSURli 


20  m V/div 


500  NM  WAVELENGTH 
1 K RAD  X-RAY  DOSE 


rigurc  B-5.  I’olystyrcnc  fiber  nuclear  response 


• ■ I 
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quantum  efficiency  decreases  almost  exi^onentially  and  at  10^  rads  fSi),  it 

degrades  by  a factor  of  300.  At  the  level  of  10^  rads  (Si),  the  minority  j 

carrier  lifetime  will  also  be  degraded,  and  it  will  suffer  a seven-fold  ' 

decrease  (^References  B-4  and  B-5). 

At  the  B-1  total  gaiiima  dose  requirement  level,  no  effect  is  e>q)ected  to 
occur  on  LliD's. 

Neutrons  inflict  pemanent  damage  in  LhD's,  exhibited  by  a reduction  in 
the  external  quantum  efficiency  at  fluence  levels  above  lO^-^  N/cm^.  At  the  ! 

B-1  reciuirement  fluence  level,  a reduction  in  the  external  quantum  efficiency 
on  the  order  of  15  percent  is  exq^ected. 

A transient  pulse  of  ionization  (prompt  gamma)  incident  on  the  LhD  will 
produce  electron-hole  pairs  in  the  region  of  the  P-N  junction,  resulting  in  , 

a forward  current  flow  due  to  the  forward  biasing.  If  the  intensity  (rads  I 

(Si)  is  great  enough,  photon  output  will  be  generated  for  the  duration  of 

the  pulse,  with  the  LF.D  resuming  noniial  operation  afterwards.  The  intensity 
required  to  generate  light  is  3.5  x 10^®  rads  (Si)  per  second  for  a tyiiical 
LTD  (References  B-4  and  B-6).  At  B-1  prompt  gamma  levels,  no  effect  is  exq^ected. 

J 

] 

Photodiodes  (PIN  Diodes) 

I'otal  giimma  dose  susceptibility  of  photodiodes  ranges  from  10^  to 
10^  I'ads  (Si)  (Reference  B-1),  whore  the  effects  are  in  the  fonii  of  peniianent 
degradation  of  the  diodes  current-voltage  characteristic  curve.  (See  Fig- 
ure B-6.)  No  effects  are  expected  at  the  B-1  total  gamma  dose  requirement 
lev^e  1 . 

The  PIN  diode  becomes  vulnerable  to  neutron  effects  at  a fluence  level 
of  appi'oximately  lO^^  N/on^  (References  B-4  and  B-7),  where  junction  capacitance 
and  series  resistance  are  degraded.  The  quantum  efficiency  will  generally  bo 
independent  of  neutron  radiation  since  the  device  is  o])orated  in  the  fully 
depleted  region  (reverse  bias),  where  absoiq^tion  of  all  incident  quanta  takes 
place  only  in  the  intrinsic  layer  (T  layer  of  PIN  diode).  At  B-1  requirement 
neutron  fluence  levels,  no  detectable  effects  will  occur.  I 

PIN  diodes  generally  respond  to  prompt  g;imma  radiation  by  producing  a ! 

forward  current  waveform  which  follows  the  wavefonii  of  the  gamma  pulse  quite 
closely,  'ill is  response  is  facilitated  by  the  reverse  biased  operation  of 
the  photodiode.  Similar  devices  are  used  to  monitor  gamma  intensity  in  flash 
X-ray  radiation  testing  with  good  reliability.  Tests  perfomed  on  PIN  devices 
by  Singer-Kearfott  (Reference  B-8)  indicate  induced  photocurrents  from  10  ma 
to  100  ma  at  a gamma  dose  rate  of  10^’  to  10^  rads  (Si)  per  second.  (See 
Figures  B-7,  B-8,  and  B-9.)  These  current  transients  are  easily  liandled  by 
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NDUCED  PHOTOCURRENT  (MA) 


INDUCED  PHOTOCURRENT  (MA) 


X 


B-1  (BOEING)  LINAC  DATA 


DEVICE  NO.:  MAA708i* 

VENDOR:  MICROWAVE  ASSOCIATES 
TEST  DATE:  2 APRIL  1973 
PULSEWIDTH:  50  NS  (NOMINAL) 

Vr=2IV  ^ 


WORST. 

CASE 


'MEAN  VALUE 


GAMMA  DOSE  RATE  (RAD  (S  i )/SEC) 
I'ij’urc  B-8.  MA47084  PIN  diodo  ganmia  response 


NDUCED  PHOTOCURRENT  (MA) 


B-I  (BOEING)  LINAC  DATA 


DEVICE  NO. : UNAOOI 
VENDOR:  UNITRODE 
TEST  DATE:  2 APRIL  1973 
PULSEWIDTH:  50  NS  (NOMINAL) 
Vj^  = 21  V 


GAMMA  DOES  RATE  (RAD  (S  i ) /SEC) 
Figure  B-9.  PIN  .31)  PIN  diode  gamma  re.sponse. 


the  diode  structure,  which  is  nonnally  designed  to  handle  high  surge  currents 
to  prevent  bumout,  but  does  introduce  a spurious  signal  into  the  data  system. 
Figure  B-10  shows  the  response  of  an  NIRllSOO  PIN  diode  to  a gamma  radiation 
pulse  in  a test  performed  by  Rockwell  (Reference  B-9). 

At  B-1  levels,  transient  upset  due  to  prompt  gamma  is  expected,  with 
recoveiy  to  nontial  following  the  gamma  pulse.  Various  integrated  circuit 
components,  presently  used  in  B-1  avionics,  have  response  waveforms  at  their 
output  teniiinal  which  are  device  dependent  and  do  recover  to  pregajiima  state 
in  0 to  50  microseconds.  The  loss  of  one  data  bit  or  data  frame  is  the  only 
e.xiiected  result  of  exposure  to  prompt  gamma. 


Supporting  Flectronics 


The  susceptibility  of  the  fiber  optics  system  supporting  electronics  is 
dependent  upon  the  types  of  component  devices  employed.  These  devices  may 
include  low-power  Schottk>',  emitter-coupled  logic  (F.CL) , silicon-on-sapphire 
(SOS),  current  feedback  coupling  (CFG),  or  complementary  metal  oxide  silicon 
(ODS)  integrated  circuits.  Fach  of  these  types  of  devices  has  been  incorj^o- 
rated  to  some  degree  in  the  B-1  avionics,  especially  in  the  later  designs, 
and  has  been  tested  in  various  nuclear  environments.  The  results  have  shown 
that  the  newer  device  technology  typically  produces  vulnerability  levels  of 
one  order  of  magnitude  higher  than  previous  devices.  The  nuclear  event  will 
impact  the  supporting  electronics  primarily  due  to  prompt  gamma.  Transient 
upset  will  occur,  with  recovery  to  normal  at  the  reinitialization  of  a new 
data  frame. 


SYSTBl  NUCLFAR  I-FFF.CTS 

The  total  fiber  optics  data  transmission  system  response  can  be  predicted 
by  considering  the  corni^onent  effects.  Prompt  gamma  causes  spurious  signals  to 
be  produced  by  ionization  in  the  photodiodes  and  fluorescence  in  the  fibers. 

The  maximum  duration  of  the  primary  effect  is  due  to  fiber  fluorescence, 
estimated  to  last  less  than  2 microseconds.  Prompt  gajiima  will  obliterate  data 
transmission  for  a period  of  less  than  2 microseconds.  It  should  be  noted  that 
prompt  gamma  affects  much  of  the  aircraft  electronics  similarly,  and  that 
those  LRU's  sending  and  receiving  data  will  be  similarly  affected.  Thus,  it 
would  not  be  the  fiber  optics  system  alone  which  suffered  transient  upset.  All 
digital  comixiter  systems  on  the  B-1  are  designed  to  recover  from  transient 
upset  caused  by  prompt  gamma. 

Fibers  and  LFlD's  have  permanent  effects  due  to  the  nuclear  blast.  LliD's 
may  be  expected  to  have  a decrease  in  their  external  quantum  efficiency  of 
approximately  15  percent  (or  0.7  db) . Some  fibers  are  veiy  sasceptible  to 
nuclear  effects,  but  germanium -doped,  fused-silica  and  pure,  fused-silica 


fibers  have  far  less  absolution  after  exposure  than  most  other  ty^ics  before 
exiiosure.  Their  predicted  total  absorption  of  100  db/km  is  easily  acceptable 
in  the  B-1  data  bus  subsysteims. 


! 


I 

■ 
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It  is,  therefore,  concluded  that  fiber  optics  data  transmission  systems  are 
exiiected  to  operate  in  the  B-1  nuclear  environment  as  efficiently  as  other 
electronics  on  the  B-1.  Although  the  analysis  and  the  conclusions  were  based 
on  a fair  amount  of  test  data,  it  would  be  desirable  to  exjiose  any  fiber  optics 
data  transmission  components  selected  for  the  B-1  to  nuclear  levels  required 
for  the  B-1,  and  to  test  their  performance  before,  during,  and  immediately 
after  exposure. 
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Appendix  C | 

TlidlXlCAl.  DliSCRirriON  OI’  lU.liCTRd-OITiC.AJ,  ADAl’TliR  UNIT  ( Riri'ROI-IT ) | : 


1.  SCOPH.  This  technic;)!  description  est;ih]  ishes  the  requirement  for  the 
fiber  optics  study  (lOCAI’l  electi'o-opt ic;i  1 ;id;ipter  unit  fi'.OAlJ)  . Tiie  T.OAl) 
sh;ill  he  designed  to  he  mounted  inside  the  host  I.RII  t^  peifom)  its  function, 
■fhe  liOAll  shall  not  be  considered  :in  I.RII.  The  power  to  the  fXWJ  sh;ill  he 
supplied  by  the  host  LRU  or  froii)  an  extern;)  1 power  bus.  Thei'e  sh;ill  be  thi'ee 
diffei'ent  types  of  IXlAU's:  a single-ch;)nnel  , type  A (for  use  bv  CITS  LRU's); 
a du;il -ch;innel  , t>T)e  B [for  use  by  ,\MUX  LRU's);  and  ;i  unipolar-ch;innel  , t>qie 
C (for  use  by  IMJX  LRU’s). 


APRI.ICABLL  lKX:ULn:.\TS 
(TRIVTBR) 


.S.  RliQUIRl'ADLVrS  , i 

7 

. 

•S.l  Item  Definition.  fhe  IXTAU's  shall  provide  the  inter f;icc  between  the 
existing  LRU  M;)nchester  II  (Bi-tl.)  type  of  interface  and  the  optical  fibers, 
fhe  LO.AU's  sh;ill  cont;)in  the  Minchester  II  sign;il  I'ece iver (s)  , !,L1)  dri\a'r{s), 
necessary  electronic  f i 1 ter (s)/rece iverfs)  for  the  photodetector  signals, 

Ntinchestei-  II  sign;il  encoder,  transfomier (s)  ;ind  driver  circuitry  to  output 
Manchester  11  signals  back  to  the  LRU.  Block  diagrams  of  the  t>'i)e  A adapter, 
the  type  B adapter,  and  the  type  C adapter  are  shown  in  Figures  C-1  through 
C-3  respectively. 

.3.2  Nbnehester  II  Receiver,  llie  Manchester  II  I'eceiver  sh;ill  be  connected 

to  the  existing  Manchester  II  output  lines  of  the  host  LRU.  Ibe  function  of  ! 

the  receiver  shall  be  to  accept  the  Manchester  II  signals  ;ind  output  unipohir  ^ 

signals  for  use  by  the  LFU  drivers.  Figure  C-4  is  a simjilified  l/U  timing  I 

diagr;im  of  the  receiver. 

3.3  LF.n  Driver.  The  Llill  driver  shall  accept  the  unipol;)r  signal  ;ind  convert 
it  to  a signal  capable  of  driving  ;i  LFU  with  the  following  char;)cteristics : ' 

Voltage:  b volts 
Current ; 17.S  m;i 

Rep  rate:  1 mhc  (on/off  cycle,  .300  nsec  (AN/fiFF) 

3. .3.1  Type  A/B  LHP  Driver.  The  type  A/B  LFD  driver  shall  accept  the  receiv'er 
output  f+)  signal  and  drive  the  (+)  LIT),  and  the  receiver  output  (-)  sign;)l 
and  drive  the  (-)  LFD  (Figures  C-1  .and  C-2). 
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l ij^urc  C-I.  Type  A,  single-channel  liOAlJ. 


cc 
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Figure  C-2.  Type  B,  dual -channel  F.OAU. 


Typo  C’  l.l'D  Driver.  Thr  type  LI:I)  driver  slinll  eonsist  of  a unipolar 
drivel'  and  sliall  accept  only  the  receiver  output  ( + ) signal  and  drive  the  {+) 
l.i;n  (1-igure  03). 

3.4  Photo  De^tector  l i Iter/Receiver.  The  phetodetevtor  fi  1 ter/rece i ver 
combination  shall  properly  e'ondition  the  signal  received  from  the  photo- 
detector and  convert  it  into  a usable  signal  for  the  Vuiiichester  II  signal 
encoder.  The  photodetector  characteristics  are  as  follows: 

Bias  voltage:  90  volts 
(Current  range:  1.5  to  20  na 

3.5  Manchester  II  Signal  I'.ncoder.  liach  hOAll  shall  contain  a ^'anchestcr  II 
signal  encoder.  Ibe  encoder  shall  he  driven  by  the  photodetector  receiver. 

3.5.1  Type  A/B  1 incoder.  The  tNiie  A or  tNqie  B signal  encoder  shall  generate 
the  Miinchester  II  signal  based  on  the  received  optical  signal.  The  (+)  signal 
line  diall  generate  the  positive  voitage  portion  of  the  waveform  and  the  ( ) 
signal  line  shall  generate  the  negative  voltage  portion  of  the  wavefonn. 

(See  Figure  C-5.) 

3.5.2  Type  C 1 incoder.  The  type  f signal  encoder  shall  generate  a Manchester 
type  signal  that  is  usable  by  the  interfacing  I.RII.  'Hie  encoder  shall  process 
the  single  rc-ceived  signal  and  generate  both  positive  and  negative  portions 
of  the  Manchester  II  waveform.  (See  figure  C-6.) 

3.(1  Nfmehester  Hr i ver.  Ibe  Manchester  driver  shall  utilize  the  output  of 
the  encoder  and  drive  the  transformer  to  transmit  the  converted  signals  to 
the  interfacing  I,RU. 

3.7  Physical  Properties 

3.7.1  Power  (Ions  iderat  ions . The  different  t>^x\s  of  liOAU  shall  use  power 
supplied  cither  by  the  host  or  by  a supply  external  to  the  I.RII.  The  PdAU's 
shall  operate  with  power  having  the  fol lowing' character i st ics : 


a . 

Type 

A: 

+5V  ( 

' 5'’„ ) 

180 

ma 

max 

+ 15V  (15';,) 

(i0 

ma 

ma  X 

-15V  (15".) 

60 

ma 

max 

b. 

Ty-pc 

R: 

+5V  ('5';,) 

360 

ma 

max 

+ 1 5V 

('5",) 

120 

ma 

max 

-15V  (t5'’„) 

120 

ma 

max 

c . 

Type 

C: 

+5V  (•5'’„) 

260 

ma 

max 

+ 15V  (i5'’„l 

60 

ma 

max 

-15V  (15';.) 

60 

ma 

max 

3.7.2  Weight . Ihc  maximum  weight  for  the  lidAU's  shall  not  exceed  the 
following  for  each  tyjic: 


111 


a.  T\pc  A:  0.25  lb 

h.  T>pc-  B:  0.45  lb 

c.  T\pe  C;  0.40  lb 

3.7.5  linvclop.  Tbe  maxinuun  for  the  bOAU's  .shall  not  exceed  the 

follovving  for  each  t>pe: 

a.  T\pe  A:  1 x 2 x 0.5  in.  II 

b . I’yjie  B : 2 x 2 x 0 . 5 i n . 1 1 

c . Tvpc  C:  1 . 5 X 2 X 0 . 5 i n . 11 

3.7.4  Mount  i ng  Prov  i s i on . ( TBn/’l’BRl 

3.7.5  Input /(Xitput  Interface . ('I'BD/'I'BR ) 

3.8  Dvaiamic  bnv i ronment . (TBD/TBR) 

3.9  Microelectronic  Parts.  MlL-M-38510  parts  shall  be  used.  Iviien  M1I,-M- 
.38510  parts  arc  not  available,  parts  screening  in  accordance  with  Ml I,-.STl)-88e 
s ba  1 1 be  pe  i'  f o lined . 

4.  QU.M.rn'  .ASSURANCi; 

(TBD/TBR) 
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Appendix  D 

TIiaiNICAL  DESCRIPTION  OP  FIBER  INTERFACE  NDDUI.E  (FIM)  (NEW  DESIGN) 


1 


1.  SCOPE . This  technical  description  establishes  the  requirements  for  the 
fiber  optics  study  (IIK^AP)  interface  circuitry  identified  as  a fiber  interface 
module  (ITM) . 'ilie  I'lM  shall  provide  the  interface  between  its  host  LRU  and 
the  fiber  optics  data  bus.  The  FIM  shall  be  installed  inside  the  host  LRU 
and  be  powered  by  the  LRU's  power  sup])ly.  The  ITM  shall  be  used  to  replace 
the  existing  serial  data  transmission  section  of  those  equipment  interfacing 
on  the  CITS  and  liARlX  data  buses. 


APPLIC..\BLE  imMiNTS 


(TBD/TBR) 

S.  .’TiQUIRlMlNTS 


S.l  Item  lX.M~init  ion.  Tlie  ITM  sliall  conv'crt  a serial  NRZ  data  stre;uii  into  an 
optica)  data  stream,  and  convert  an  optical  data  strcjuii  into  a serial  NRZ  data 
stre;un.  Appropriate  s>7ic  bits  arc  also  generated  and  decoded  to  provide 
proper  startup.  The  FIM  also  includes  self-test  logic,  lecessary  LRU  buffers, 
and  eloctr ical/opt ical  and  opt ica i /elect rica 1 driver  and  receivers.  The  1T^1 
shall  he  configured  either  as  a dual-channel  (two  identical  channels),  tyjie  A, 
for  use  in  the  EMUX  subsystem,  or  as  a single-channel,  t\^^e  B,  for  use  in  the 
errs  subsystem.  (See  Figures  D-1  and  D-Z.) 

.■^.2  Message  Sequence.  Ihe  ITM  shall  receive  or  transmit  data  in  the  follow- 
ing fonii: 

a.  Data  Reception: 

(1)  Form  A.  The  ITM  shall  accept  from  the  conti'oller  a command 
word  and  n-muiibers  (not  to  exceed  lOZ.S)  of  data  words.  Tlie 
received  optical  data  shall  be  converted  to  NRZ  data  foi' 
transfer  to  tiie  LRU.  Following  the  last  data  word  received, 
the  ITM  shall  generate  a resixmse  word  for  status  check  by  the 
control ler. 

(2)  lonn  B.  The  fonn  shall  be  identical  to  form  A above  excejit 
for  the  response  word.  If  the  ITM  does  not  receive  a valid 
command  word  oi'  if  the  inunber  of  data  words  exceed  1(12S  words, 
the  response  word  shall  not  be  generated. 
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Figure  D-1.  T>iie  B,  single-channel  FIM. 


b.  Data  Transmission: 

(li  Form  A.  The  FIM  shall  accept  a conriand  word  from  the  controller 
and  transmit  a response  word  and  up  to  1024  data  words. 

[2]  Form  B.  The  FIM  shall  accept  a command  word  from  the 

controller  and  shall  not  respond  with  the  response  word  or  data 
words  Tan  error  in  the  command  word  received  by  the  FfMl. 

3.3  Word  Format.  The  word  formats  are  defined  in  Figure  0-3. 

3.2.1  Command  Word.  The  command  word  shall  contain  the  information  listed 
in  Table  D-1. 

3.2.2  Response  Word.  The  response  word  shall  be  generated  by  the  FIM  when- 
ever a valid  command  word  having  an  applicable  address  is  received,  except  as 
noted  in  3.1.  For  a valid  data  transmission,  the  response  word  shall  be 
identical  to  the  command  word,  except  the  svaic  shall  be  a data  s>aic  and  bits 
14  through  23  shall  be  a FIM  status  field  fTBO).  [Refer  to  Table  D-2.1 

For  a nonval id  data  transmission,  the  response  word  shall  be  identical  to 
the  command  word,  except  the  sync  shall  be  a data  sync,  the  validity  bit  shall 
be  set  to  logic  ”1,"  and  bits  14  through  23  shall  be  a I'lM  status  field  (TBD). 
The  response  word  bit  definitions  are  shown  in  Tables  D-2  and  0-3. 

3.2.3  Data  Word,  llie  data  word  shall  contain  the  infoniiation  listed  in 
Table  D-4. 

3.3  LRU  Interface.  I’he  l lM's  LRU  interface  shall  consist  of  circuits  to 
receive  NRZ  data  from  the  LRU  and  to  transmit  NRZ  data  from  the  LRU  and  to 
transmit  NRZ  data  to  the  LRU.  Appropriate  clock  signals  and  control  lines 
(TBD1  are  required  to  control  the  interface.  (NO'l'i::  Since  this  is  a con- 
ceptual design  for  cost  purposes,  no  attempt  was  made  to  identif)’  the  types 
of  control  signals,  quantity,  or  timing  of  the  signals  except  that  there 
should  not  be  more  than  five  signals  [one  clock,  two  for  input  control,  and 
two  for  output  control).! 

3.4  Fiber  Optics  Bus  Interface,  fhe  FIM's  optical  I/O  shall  convert  the  NRZ 
data  to  an  optical  signal  and  optical  signal  to  NRZ.  llie  optical  encoding 
scheme  shall  be  fTBH).  (NO’IT,:  llie  FIM  will  transmit  on  a single  fiber  bundle 
all  the  required  words,  and  receive  data  from  another  filler  inindle.  A method 
of  encoding  and  decoding  the  signal  mu<t  be  developed.  The  command  sync  and 
data  sync  can  be  encoded  using  pulse  uidth  modulation,  or  pulse  iiosition 
modulation,  or  frequency  d i vis  ion  modu!  at  ion,  or  TBI);  the  information  I'ield 
can  be  likewise  encoded,  llie  only  requii'ement  is  that  the  system  can  com- 
municate and  the  decoder  is  compatible  with  the  encoder.) 
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1 through  7>  Command  sync.  Cl'BD) . 

4 Sparc  (SI  hit  - unused  bit.  IJnust'd  hits  shall  he 
set  to  logic  "0." 

5 Validity  (V)  hit.  Logic  "1":  The  conmunul  word  is  not 
usable  due  to  controller's  transmitting  equipment 
having  a fault  condition  as  detcniiincd  by  self-test 
and/or  monitoring  components  in  the  transmitting 
equipment.  Logic  "0":  The  coimnand  word  meets 
acceptability  criteria  of  transmitting  unit  as 
detcniiined  by  its  self-test  and/or  monitoring 
components . 

()  Spare  (S)  bit  - unused  bit.  Unused  bits  shall  be 

set  to  logic  "0." 

7 Spare  (S)  bit  - unused  liit.  Unused  bits  shall  be 
set  to  logic  "0." 

8 through  12  Address  bits.  A five-bit  code  that  identifies  the 

TIM  that  shall  respond  to  a given  command  word. 

LS  fransmi  t/receive  (T/k)  bit.  I.ogic  "1":  (Commands 

addressed  TIM  to  transfer  requested  data.  Logic 
"0":  (ioimnands  addressed  I'lM  to  receive  data. 


I t through  2.8  Data  block/mode  - Niunbei'  of  words.  fhis  is  a data 
fiekl  with  dual  use.  (1).  Bits  II  tluough  18  shall 
be  used  to  identify  the  LRU  data  block  stai'ting 
memory  location  or  command  the  LRU  into  a specific 
mode/ojx'rat  ion  and  bits  19  through  2.8  shall  be  ustxl 
to  identify  the  nimiber  of  data  words  to  be  trans- 
mi  tteil/recei  veil.  Coile  0 0 0 (1  1 shall  be  equal  to 
one  word  and  11111  shall  be  equal  to  .81. 

(2).  Hits  II  thi'oiigh  2.8  shall  identilV  the  number 
of  data  woi'ds  to  be  t ransm i 1 1 ed/recei  ved . Code 
0 0 (t  0 (1  0 0 (I  0 1 shall  be  equal  to  one  and 
Code  1111111111  shall  be  equal  to  1028. 
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TABLE  D-1.  COMMAND  WORD  (CONCL) 


Definition 


Parity  (PI  bit.  This  bit  shall  be  set  to  a value 
so  that  the  total  number  of  ones  in  the  word  is 
odd. 


3.5  Physical  Properties. 

3.5.1  Power  Cons iderat i ons . It  is  anticipated  that  the  FIM  shall  use  +.5V' 
(+5")  and  +15V  (±5'’6)  power  supplied  by  the  host  at  no  more  than  6 watts  total 
for  the  type  A FIM  and  4 watts  total  for  the  type  B FIM.  ITie  power  figure 
includes  the  drive  power  for  the  LED. 

3.5.2  Weight . 'fhe  maximum  weight  for  the  ITM  shall  not  exceed  0.6  pound  for 
the  type  A and  0.4  pound  for  the  type  B. 

3.5.3  Envelope.  The  maximum  size  for  the  FIM  shall  not  exceed  the 
following: 

a.  Type  A:  2 x 3 x 0.5  in. 

b . Tyiie  B:  2 x 2x0.5  in. 

3.5.4  Ntounting . (IUDI 

3.6  Microelectronic  Parts.  Mil, -M- 38510  parts  shall  be  used  when  available; 
otherwise,  part  screening  in  accordance  with  MlL-SlD-883  shall  be  used. 

4.  QlLMd'IT  A.SSimN(:E 


(I'BD/l’BR) 
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TABLi;  D-2.  Rlisimsi;  WORD  (VALID  DATA  TRANSMISSION) 


Item 

Bits 

Definition 

a 

I through  3 

Data  s\Tic . (TBD) 

h 

4 

Spare.  Definition  per  Table  D-1. 

c 

S 

Validity  bit.  Definition  per  Table  D-1. 

d 

b 

Spare.  Definition  per  Table  D-1. 

e 

' / 

Spare.  Definition  per  Table  D-1. 

f 

8 through  12 

Address.  Definition  per  Table  D-1. 

g 

13 

Transmit/receive.  Definition  per  Table  D-1. 

i 

14  through  23 

Status  field.  (TBD) 

J 

24 

Parity.  Definition  per  Table  D-1. 

k ' 

] ' 


ii 


232 


i 


tabu;  d-3.  F^isroNSi;  word  (r.wAi.ii)  da'I'a  rimsMissioN) 


tom  Bits  Dt'finit  ion 


a 

1 til  rough  3 

Hat;!  syno.  ( TBI)). 

h 

4 

S]iarc  (S)  hit  - unused  hit.  Unused  hits  shall  he 
set  to  logic  "0.” 

c 

s 

\'alidity  (\")  hit.  Set  to  logic  "1”  only  if  one  or 
more  of  the  data  words  in  the  message  contain  a non- 
valid  vvoid  sync,  less  than  21  hits,  even  parity, 
invalid  data  coding  sequence,  received  data  word 
with  validiti’  bit  set  to  a logic  'T',  or  if  the 
nimiher  of  words  received  is  more  or  less  than  the 
numher  of  words  defined  in  the  command  word. 

d 

(1 

Spare  (S)  hits  - unused  hit.  Unused  hits  shall  he 
set  to  logic  ”0.'' 

c 

Spare  (S)  hits  ' unused  hit.  Uinised  hits  shall  he 
set  to  logic 

r 

8 til  rough  12 

Address  hits.  Definition  per  Table  I)- 1 . 

s 

13 

Transmit/ receive  (T/R)  bit.  Definition  per  Table 

D-1. 

i 

1)  through  23 

•Status  field.  (i'BD). 

j 

24 

I’arity  (P)  hit.  'lliisdiit  shall  he  set  so  that  the 
total  niunhcr  of  ones  in  the  word  is  odd. 
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lABiJi  [)-4.  HATA  UORl) 


1 through  3 


8 through  23 


Del  111  it  ion 

Datn  SN'iie.  (TBD) 

Spare  (S')  bit  - unused  hit.  Unused  hits  shall  he 
set  to  logic  "0.” 

Validity  (V)  hit.  Logic  ”1":  Data  word  is  not 
usahle  due  to  faulty  transmission.  (Hie  data  word 
shall  he  transmitted  ev-’en  if  the  validitv'  hit  is  a 
logic  Logic  ”0":  .\o  data  transmission 

raultfs)  detected. 

Spare  iiit  - unused  hit.  Unused  hit  shall  be  set  to 
logic  "O.” 

.Spare  hit  - unused  hit.  Unused  hit  shall  he  set  to 
a logic  "0." 

Data.  Information  generated  hy  LRU  or  coiitroller. 
Information  transmitted  in  binary,  hinary-coded 
decimal  (BUD),  di.screte,  or  other  required  foims. 

Rarity  (R)  hit.  This  hit  shall  be  set  to  a value 
so  that  the  total  number  of  ones  in  the  word  is 
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TliCHNICAL  DESCRin’ION  OF  EOCAI’  FIBER  OPTICS/MUl/riFEFX  I.YI'ERFACE  MODUI.E 
(FOMIM)  RliPIACFI^niNT  UNIT  (NIdV  DESICIN) 


1.  score.  This  technical  description  establishes  the  requirements  for  the 
fiber  optics  study  (FOCAP)  interface  circuitry  to  replace  the  existing 
multiplex  interface  module  (MIM) . Tlic  replacement  unit  shall  be  designated 
the  fiber  optics/multiplex  interface  module  (FOMIM).  Tlie  I'OMIM  shall  be 
identical  in  every  respect  to  the  existing  MIM  except  for  the  optical  inter- 
face and  data  encoding/decoding. 


2.  /M’PMCARI.E  lXXlJ^^■:^TS 

a.  Rochvell  International 
h409C2018 

b.  Others 
(IW/WR) 


3.  RFQUIRI  MINTS 

3.1  Item  Definition.  The  FOMIM  shall  meet  the  recjui rements  of  1.40902018 
except  for  the  optical  interface.  Ihe  FOMIM  shall  input  and  outjiut  data  to 
the  ERU  with  the  interface  established  b\'  1,40902018.  IIk'  I'OMIM  shall  ti'ans- 
form  the  ERU  data  to  signals  compatible  with  the  fiber  optics  data  link  and 
convert  the  optical  data  to  signals  compatible  with  the  ERU  intei'I'ace 
established  by  1,40902018.  (See  Figure  E-1.) 

3.2  ERU  Interface.  IT.e  FOMIM  ERU  electrical  interface  shall  conform  to  the 
requirements  of  1,40902018. 

3.3  Fiber  OiM  ics  Interface.  Hie  FOMIM  ojit  ica  1 I/O  shall  convert  the  ERU's 
parallel  interface  to  a serial  ojitical  signal  aiwi  vice  versa.  The  optical 
encoding  scheme  shall  be  (TBD).  (NOTEl:  The  FOMIM  will  transmit  on  a single 
filler  bundle  all  the  recgiired  signals.  The  FOMIM  will  )'ecei\’e  data  from 
another  fiber  bundle.  A method  of  encoding  and  decoding  the  signal  must  he 
deie loped.  The  conmiand  sync  and  data  s\aic  can  be  encoded  using  pulsewidth 
modulation  or  jiulse  position  modulation,  or  freiiuency  division,  oi'  I'BU;  the 
infonnation  field  can  be  likewise  encoded.  I'he  only  requirement  on  the  bus 


I 


is  that  the  system  can  coiidiuui icate  with  simila''  units  and  that  the  decoder 
is  compatible  with  the  encoder.) 

.^.1  i'hysicai  I’ropei'ties 

.1.4.1  Powe r (ions i derat i ons . It  is  anticipated  that  tlie  I'OMIM  sliall  use 

+5V  (*.S")  and  'LIV  (*.S")  power  supplied  by  the  host  at  no  more  than  b watts. 
Ihe  power  fit>ure  includes  tlie  drive  power  for  the  l.lil). 

.1.4.2  Other  (Considerations.  The  requirements  of  l,4()9(’2018  sliall  j^overn  other 
physical  requirements  for  the  TOMIM. 

1..S  Microelectronic  Parts.  Ml  1,-M- 18.110  parts  shall  he  used  when  available; 
otherwise,  jxirts  screened  in  accordance  with  Mlh-.STn-881  shall  be  used. 


4.  Q'.ui.riT  .\.s.suia\'ci; 
( IRD/TBR) 


; 

i 

4 
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ACRONiTlS  AND  /MiBId-VIATIONS  I 


Acron>’m/ 


Abbreviation 

Definition 

A/C 

Aircraft 

a/w 

;\mperes/watt 

ACQ 

Acquisition 

ACU 

Avionics  control  unit 

\I'Ab 

Air  Force  Avionics  Laboratoi'y 

\ik:s 

Automatic  flight  control  subsystem 

A,OFT 

Airborne  light  optical  fiber  technology 

V\IIIX 

Avionics  multiplex 

\OA 

jXngle  of  attack 

\P 

Airborne  printer 

\TC 

Air  traffic  control 

WL 

Air  vehicle  limits 

BC' 

Binar>'-coded  decimal 

B. 

Bit  error  rate 

t:\ix: 

Central  air  data  computer 

C.VDS 

Central  air  data  system 

CCD 

CITS  control  ;md  display 

CDR/CIM 

Crash  data  recorder/crash  position  indicator 

CF.R 

Cost  estimating  relationship 

CF'C 

Current  feedback  coupling 

CIT 

Corporate  fiscal  year 

errs 

Central  integrated  test  system 

(MIS/SCS 

Complementaiy  metal  oxide  si  1 icon/si  1 icon  on  sapphire 

C:ONA' 

Converter 

DAT  I 

Data  in  strobe 

DAi’O 

Data  out  strobe 

DAIJ 

Data  acquisition  unit 

db/kin 

Decibels  per  kilometer 

dbm 

Decibel  milliwatt 

DDS 

Dope  deposited  silicon 

IMS 

Defensive  nuuiagement  system 

DSC 

Defensive  supply  center 

IXSC. 

Defensive  subsystem  group 

DS-3 

Digital  Serial-3 

ITI'I.CC 

Data  transfer  life  cycle  cost 

Ac  ron>in/ 
Abb rev i at  ion 

liCL 

i;mi 

i:mi’ 

i-mx 

engrg 

BlIC 

r.oAu 

liVS 

[■'COS'I' 

Fix: 

FIM 

I'FIR 

FLR 

F'OCAF 

FISC 

RIMIM 

FT 

C,t]A 

GFi: 

(I^ICFS 

CNACIJ 

(ISS 


r/0 

lA 

IC 

I FF 

ILS 

INllI 

INS 

ii;ii 

inst  1 

IRf,n 


IX'f  init  ion 

Fmitter  coupled  logic 
lilectroinagnct  ic  interference 
F.lectromagnet ic  pulse 
Flectrical  multiplex 
Fngincer ing 

F.lectromagnet  ic  interference  and  compatibility 
lilectro-opt ical  adapter  unit 
F.lectro-opt ical  viewing  system 


Figliter  cost 

Flight  director  computer 
Fiber  interface  module 
Fo  nva  i\l  - 1 ook  i ng  i n f ra  red 
Fonv'ard-  look  ing  radar 
1 iber  optics  cost  analysis  prograjii 
Flight  instnmients  signal  converter 
Fiber  optic  multiplex  interface  modules 
Fiscal  year 


General  and  aebninistrative  cost 
Government  furnished  equipment 
Ground  maintenance  circuit  Protection  System 
Guidance  and  navigation  avionics  control  luiit 
Gyi'o  stabilization  system 

High  frequeney 

Input/output 
Interface  adaptation 
Integrated  circuit 
Identification,  friend  or  foe 
Instnmient  landing  system 
I ne rt i a 1 measu ring  units 
Inertial  navigation  system 
Inertial  electronic  luiit 
Instal lat ion 

Independent  research  and  development 
Ki lovol t- ampere 


l.os  .Angeles  Division 
fife  cycle  cost 
!.i(|uiii  nitrogen 
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Acronym/ 

Abbreviation 

Definit ion 

LRU 

Line  replaceable  unit 

LSA 

Large  strategic  aircraft 

LSI 

Large  scale  integration  (integrated  circuit) 

li;d 

Light  emitting  diode 

Mf,TC 

Mission  and  traffic  control 

M 

Mil  1 ion 

max 

max imum 

mb/sec 

Megabit /second 

NDR 

Maintenance  demand  rate 

Nfl'CS 

Manual  flight  control  subsystem 

MIM 

Multiplex  interface  modules 

NMH/m 

Maintenance/iiuin-hours  per  flight  hour 

MI’C 

Material  procurement  cost 

Nn'BF 

Mean  time  between  failures 

mtl 

Material 

NITTR 

Mean  time  to  I'epair/replace 

MUX 

Multiplex 

N/lVDS 

Navigation/ weapons  delivery  system 

NAVS/R/\DAR 

Navi gat i on / rada  r 

NOSC 

Naval  Ocean  System  Center 

NRZ 

Nonretum-to-zero 

NIC 

Naval  Weapons  Center 

OliS 

Operations  and  support 

OSL 

Operational  support  equipment 

P/S 

Paral lel-to-serial 

P 

Parity 

PACIJ 

Preprocessor  avionics  control  unit 

PCFS 

Plastic  clad,  fused  silica 

POI 

Production  cost  model 

PUI-: 

Procurement  direct  expense 

PVC 

Polyvinylchloride 

invM 

lAilse  width  modulated 

QlilU 

Quality  and  reliability  assurance 

ruit.f; 

Researcli,  development,  test,  ami  evaluation 

Ri-s/ims 

Radio  frequency  survei  1 lance/electronic  counteniioasiu'es 

R(i\ 

Rot.ation  go -a  round 

Ac  roil  vm/ 
Abbreviation 


Uefinit ion 


Signal -to-noise  (ratio) 

Stability  and  control  augmentation  system 

Super  data  acquisition  unit  (same  as  data  terminal; 

System  evaluation  and  test 

Silicon 

Spare 

Structural  mode  control  fin 
Structural  mode  control  subsystem 
Stores  management  system 
State-of-the  art 


T/W 

T/R 

TBD 

TBR 

TF/TA 

TRIili 

TTb 


Thrust-to-weight  ratio 
Transmit/ receive 
To  be  determined 
To  be  recommended 

Terrain  following/terrain  avoidance 
Transient  radiation  effects  on  electronics 
Transistor-transistor  logic 

Unit  equipment 


V 

vs/pf;p 

VSD 

IVPAFB 

IVBS 


Validity 

Vehicle  sizing  and  performance  evaluation  program 
Vertical  situation  display 

Wright  Patterson  Air  Force  Base 
Work  breakdown  structure 
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